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Summary
A  large number of soil microo r g a n i s m s ,  i n c l u d i n g  
actinomycetes, eubacteria and fungi were isolated from a sandy 
agricultural soil. These isolates were characterised according to 
their ability to produce antibacterial antibiotics, their growth 
responses to some 43 physiological and nutritional tests, as well 
as their sensitivity to a range of antibiotics. Using numerical 
methods it was possible to define n u t r i t i o n a l / p h y s i o l o g i c a l  
groups of antibiotic-producing a c tinomycetes, n o n - p r o d u c i n g  
actinomycetes, eubacteria and fungi. Resistance to antibiotics 
was not required in order to gain this discrimination, and, in 
general, antibiotics were not of v a l u e  in s e p a r a t i n g  the 
organisms into groups.
Cluster analysis and principal components analysis of the 
nutritional and physiological test data allowed natural clusters 
of antibiotic-producing actinomycetes, non-antibiotic-producing 
actinomycetes, eubacteria a nd fungi to be identified. 
Discriminant analysis was used in order to find the most powerful 
physiological and nutritional characters which allow accurate 
discrimination between the different groups of organisms. The 
characters w h ich selected for a c t i n o m y c e t e s  r e l a t i v e  to 
eubacteria included proline, 0.1% humic acid, nitrate and pH 7.7-
8.0. Proline, asparagine, 0.1% humic acid, and vitamins were 
among the substrates w h i c h  al l o w e d  a n t i b i o t i c - p r o d u c i n g  
actinomycetes to be differentiated from non-antibiotic-producing 
strains.
These selective characters were used to design selective 
media for the isolation of antibiotic-producing actinomycetes. A 
number of new isolation media w e r e  e x t r e m e l y  s u c c e s s f u l  in 
increasing the proportion of antibiotic-producing actinomycetes 
isolated.
A soil perfusion column was e v a l u a t e d  as a p o s s i b l e  
enrichment system for actinomycetes, allowing the consecutive 
application of selective parameters. The results were extremely 
promising, although the system was found to be very complex.
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1 .  I n t r o d u c t i o n
Since the discovery of the t h e r a p e u t i c  i m p o r t a n c e  of 
penicillin in the mid-1940's, the i s o l a t i o n  and s u b s equent 
screening of microorganisms from diverse habitats has led to the 
discovery of many novel and useful secondary metabolites. Many 
of these compounds have b i o a ctive p r o p e r t i e s  either as 
antibiotics* and/or as pharmacologically active drugs (Omura, 
1986). The search for new and safer compounds continues in order 
to combat bacteria, fungi, viruses and parasites both for human 
and vetinary use, as well as for crop protection as pesticides. 
There is also interest in screening natural products to discover 
new drugs for the treatment of tumours, h e a r t  d i s e a s e  and 
hypertension.
The discovery of the antibiotic actinomycin by Waksman and 
Woodruff (1940) stimulated i n t e r e s t  in the i s o l a t i o n  and 
screening of actinomycetes. It was soon e s t a b l i s h e d  that 
actinomycetes, and in p a r t i c u l a r  m e m b e r s  of the genus 
S t r e p t o m y c e s , have an unusual capacity for antibiotic production. 
Natural product screening over the next thirty years concentrated 
on soil streptomycetes and resulted in the discovery of 4600 
novel antibiotics by 1984 (Berdy). This is almost three times the 
number discovered in the fungi and more than four times the 
number found in eubacteria and includes at least 69 commercially 
important antibiotics (Perlman, 1977). N o vel and useful 
streptomycetes are still being isolated despite forty years of 
intense screening and the soil r e m a i n s  a p r o l i f i c  source of 
producers of antibiotics and other bioactive metabolites.
* In this thesis the term antibiotic will not be applied in its 
strictest sense but may refer to a secondary metabolite with any 
type of biological activity.
1 . 1  A n t i b i o t i c  S c r e e n i n g  P r o g r a m m e s
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This steady supply of new antibiotic compounds has been 
maintained largely by the introduction in the early 1970's of 
highly sensitive and specific screening procedures. These have 
proved to be particularly effective in detecting new p-lactam 
antibiotics. Within the past decade four n ew families of 
naturally occurring p-lactams, the cephamycins, nocardicins, 
clavulanic acids, and carbapenems, have b e e n  i s o l a t e d  from 
N o c a r d i a  and S t r e p t o m y c e s  species (Cassidy, 1981). Many of these 
compounds also inhibit the activity of p-lactamases; p-lactamase 
production being the source of antibiotic resistance in many 
clinical isolates.
These highly sensitive and specific screening procedures may 
take the form of bioassays with supersensitive microorganisms. 
More often, however, cell-free screens are used. This type of 
screen relies on biochemical information concerning the mode of 
action of the target compound. I n n o vative s c r e e n s  b a s e d  on 
recently elucidated biochemical processes are, therefore, most 
likely to yield novel compounds.
The success of an antibiotic screening programme, however, 
relies not only on the availability of a sensitive detection 
system. A selection of m i c r o o r g a n i s m s  c a p a b l e  of ant i b i o t i c  
pr o d uction must also be available, as well as suitable  
fermentation conditions such that a n t i b i o t i c  p r o d u c t i o n  is 
expressed. Conditions favouring antibiotic formation may vary 
depending on the organism and the type of antibiotic produced. 
For this reason, test organisms are normally grown in several 
varied (and often complex) fermentation media, the design of 
which may change from programme to programme. The selection of 
the m i croorganisms to be sc r e e n e d  also lends itself to m uch  
innovation on the part of the microbiologist. The subject of this 
thesis is concerned primarily with this part of the screening 
process.
Members of the genus S t r e p t o m y c e s  have been most extensively 
screened. However, the application of modern screening techniques 
to a wide range of microbes from numerous habitats, such as the 
rarer actinomycetes, as well as eubacteria, has yielded numerous 
novel structures. Many inte r e s t i n g  c o m p o u n d s  i n c l uding 
antibacterial and antitumour products are being discovered in 
non-S t r e p t o m y c e s  actinomycetes such as A c t i n o p l a n e s  (Parenti and 
Coronelli, 1979; Karwovski et al., 1986), M i c r o m o n o s p o r a  (Wagman 
and Weinstein, 1980; McAlpine et al., 1986) and D a c t y l o s p o r a n g l u m  
(Hochlowski et al., 1986). Special isolation procedures were 
n eed e d  to obtain these organisms. I s o l a t i o n  of mor e  unusual 
actinomycetes has become a possibility due to the application of 
numerical methods and subsequent improvements in actinomycete 
classification which have helped define their growth requirements 
and antibiotic resistance patterns. Studies on the ecology of 
actinomycetes have also been instrumental in the isolation of a 
wider range of actinomycete genera.
The discovery of the mono b a c t a m s  from G l u c o n o b a c t e r , 
P s e u d o m o n a s ,  A g r o b a c t e r i u m , and C h r o m o b a c t e r i u m  (Sykes et al., 
1981a,b; Cassidy, 1981) emphasises the importance of re-screening 
neg l e c t e d  groups of organisms u s i n g  n e w l y  developed, h i g h l y  
specific screens despite their reputation for being antibiotic 
negative in previous screens. Also, it is important to screen 
fresh environmental isolates as they may react differently to 
stock cultures. P reliminary s c r e e n i n g  of type s t rains of 
C h r o m o b a c t e r i u m  v i o l a c e u m  had been negative but screening of 
environmental isolates of C . v i o l a c e u m  led to.the discovery of the 
first monobactam (Sykes et al., 1981a).
Our lack of knowledge concerning the function of bioactive 
secondary metabolites in nature has been responsible for what has 
been a largely empirical approach to the search for potentially 
useful microbes. For example, it is particulary difficult to 
anticipate the types of organisms to screen for pharmacological
1 . 2  S e l e c t i o n  o f  M i c r o o r g a n i s m s  f o r  S c r e e n i n g
agents since many of these microbial products seem to have no 
known role in the functions of the producer cell. Generally, 
large numbers (thousands or tens of thousands) of isolates are 
obtained and screened. Taxonomy and c l a s s i f i c a t i o n  m ay be 
important at this stage in selecting further strains or species 
from genera that have proved to be antibiotic-positive in the 
past and in reducing replication among the isolates.
1.3 Ecological versus Taxonomic Approach to Screening
It was thought that the ability to p r o d u c e  a ce r t a i n  
antibiotic was the property of a p a r t i c u l a r  s p e cies and 
consequently could be used as a taxonomic character. However, we 
now know that antibiotic production is strain specific rather 
than species specific. Nevertheless, examples of antimicrobial 
activities of streptomyces species-groups (as defined by Williams 
et al., 1983a,b) indicate that broad correlations between type of 
activity and species group do exist. Such information can provide 
guidelines for the design of antibiotic screening programmes. The 
unusual capacity of the genus S t r e p t o m y c e s  for anti b i o t i c  
p r o d uction has been a basis for the d e s i g n  of s c r e e n i n g  
programmes in the past. However, the increasing awareness that 
the ability to produce antibiotics is not restricted to certain 
taxonomic groups (eg. the d i s c o v e r y  of the m o n o b a c t a m s  in 
eubacteria) makes it difficult to rationalise the search for 
antibiotic producers. Furthermore, ind i v i d u a l  i s o l a t e s  can 
produce several unrelated antibiotics. For example, S t r e p t o m y c e s  
c l a v u l i g e r u s  has been reported to be capable of producing at 
least 14 different antibiotics (Cross, 1982). Also, the same 
antibiotic may be p r o duced by w i d e l y  d i f f e r e n t  taxa (eg. 
p e n i cillin N is produced by b o t h  fungi and a c t i n o mycetes). 
Moreover, different active c o m p o u n d s  can o f t e n  be found in 
t a x o n omically similar m i c r o o r g a n i s m s  from d i f f e r e n t  natural 
environments. For example, a m a r i n e  i s o l a t e  i d e n t i f i e d  as 
S t r e p t o m y c e s  g r i s e u s  (a very common soil species) was found to 
produce a new ionophore antibiotic, aplasmomycin (Okami, 1986). 
The physiological cha r a c t e r i s t i c s  of t a x o n o m i c a l l y  similar
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isolates may therefore differ depending on the environment they 
have become adapted to. For these reasons the classification 
systems devised by taxonomists are often too restricted to be 
able to predict antibiosis.
Many people have suggested the nee d  to adopt a more 
ecological approach to screening (Williams and Vickers, 1986, 
Williams and Wellington, 1982). This t h e o r y  a d v o c a t e s  the 
selection of samples from the natural e n v i r o n m e n t s  on an 
ecological basis, including relatively neglected environments 
such as marine sediments, and recognizing the diversity within 
micro-environments, such as those in soil. This would be aided by 
an improved knowledge of the e c o l o g i c a l  d i s t r i b u t i o n  of 
antibiotic producers in natural e nvironments. However, the 
co l l ation of this information is e x a c e r b a t e d  by the o f t e n  
confused and uninformative taxonomic designation of antibiotic 
producing isolates (Williams and Vickers, 1986).
For the success of the e c o l ogical approach, it is 
particularly important that the design of media for the isolation 
and screening of microorganisms should be based on environmental 
conditions and ecological factors pertinent to each habitat. An 
improved understanding of medium design and its influence on 
selectivity will also be imperative.
1.4 The Actinomycetes
The actinomycetes are Gram-positive bacteria with a high G+C 
content (above 55mol%) which are phylogenetically related from 
the evidence of 16S rRNA oligonucleotide sequencing and nucleic 
acid hybridization studies. There are no clearly encompassing 
chemotaxonomic characters but the genera are linked in a series 
on evidence of wall structure and lipid composition (Goodfellow 
and Cross, 1984).
The actinomycetes include genera exhibiting a very wide 
range of morphologies extending from coccus through fragmenting
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hyphal forms to genera with permanent and highly differentiated 
branched mycelium. Morphology has always featured prominently in 
the recognition and definition of a c t i n o m y c e t e s  and their 
classification into families and genera but an overreliance on 
morphological criteria has led to the misclassification of some 
organisms. Emphasis on their m o r p h o l o g y  b r o u g h t  about the 
classical definition of actinomycetes as prokaryotic bacteria 
with elongated cells or filaments that usually show some degree 
of true branching. This defi n i t i o n  does not s a t i s f a c t o r i l y  
distinguish actinomycetes from coryneform bacteria. It also omits 
actinomycetes that do not show any signs of a mycelium, growing 
merely as rods or cocci (eg. M y c o b a c t e r i u m , R h o d o c o c c u s  and 
C a s e o b a c t e r). Clearly, possession of branched hyphae should not 
automatically place a strain in the actinomycetes, conversely the 
inability of a bacterium to produce branching filaments does not 
necessarily exclude it from this group of bacteria.
Although the morphology of the actinomycetes ranges from 
simple to complex, most can be assigned to one of two broad 
morphological groups, n o cardioform- and s p o r o - a c t i n o m y c e t e s  
(Prauser, 1981). Nocardioform bacteria form hyphae which fragment 
(sooner or later) into coccoid or rod-like elements that give 
rise to new mycelia (Locci, 1981). The s p o r o a c t i n o m y c e t e s  
encompass a greater morphological complexity that includes the 
formation of spores in or on definite parts of mycelium. A third 
level of o rganisation is d e m o n s t r a t e d  by D e r m a t o p h i l u s , 
G e o d e r m a t o p h i l u s  and F r a n k i a ,  where multilocular sporangia are 
p roduced giving rise to coccoid el e m e n t s  w h i c h  e v e n t u a l l y  
germinate into hyphae (Goodfellow and Cross, 1984).
Actinomycete spores resist desiccation and mild heat but 
differ from bacterial endospores in that they do not display 
their organization and extreme resistance properties. This and 
other observations excludes the genus T h e r m o a c t i n o m y c e s  from the 
Actinomycetales. Thermoactinomycetes are now classified in the 
B a c i l l a c e a e  with the aerobic, endospore-forming bacilli.
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1 . 5  N u m e r i c a l  T a x o n o m i c  M e t h o d s
Whilst chemical features such as cell wall and lipid 
analysis are frequently used to describe and distinguish between 
actinomycete genera, conventional numerical taxonomy has been the 
most effective modern method used to establish relationships 
b e t ween actinomycetes at a s u b g eneric level. In essence, 
numerical taxonomy involves the construction of a large phenetic 
data base for many strains which are grouped into clusters on the 
basis of shared similarities. The c h a r a c t e r s  u s e d  m a y  be 
m orphological (spore surface, p i gmentation), p h y s i o l o g i c a l  
(tolerance to environmental extremes, a n t i b i o t i c s  and other 
inhibitors) or biochemical (uti l i z a t i o n  and d e g r a d a t i o n  of 
various substances). Antibiosis may also be included. Initially, 
all characters are given equal weight but once a classification 
has been produced cluster specific characters may be chosen as 
the basis for a simplified identification system.
Many numerical methods have now been developed for grouping 
taxonomic units (reviewed by Sneath and Sokal, 1973 and evaluated 
for application to bacterial taxonomy by Austin and Colwell,
1977). Taxonomists have remained conservative in their choice of 
methods when studying actinomycetes: The Jaccard (Sj) and the 
simple matching coefficient (SGm ) have been the most frequently 
used coefficients of association. Both negative and positive 
matches are counted using S$m  whereas only positive matches are 
counted with the Sj. Vigour and pattern coefficients (Sneath, 
1968; Sackin, 1981) have also proved useful where strains show 
heterogeneity of vigour. The pattern difference, Dp , allows for 
differing growth rates and ef f e c t s  of s u b o p t i m a l  g r o w t h  
conditions.
Grouping of strains on the basis of overall similarity is 
achieved by clustering. However, the clustering method selected 
will affect the way groups are presented. Single and average 
linkage cluster analyses have proved satisfactory in conjuction 
with SgM' SJ and DP coefficients.
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1 . 6  T h e  S t r e p t o m y c e t e s
The fact that the majority of a n t i b i o t i c  p r o d u c i n g  
actinomycetes are found among the streptomycetes has made them a 
very important group of organisms. As a result of this interest 
and due to their comparitive ease of isolation, more S t r e p t o m y c e s  
species have been described t h a n  in any o t h e r  g e nus of the 
Actinomycetales.
S t r e p t o m y c e s  are aerobic, Gram-positive sporoactinomycetes 
with an aerial mycelium bearing chains of three to many spores 
and a substrate mycelium which can also bear short chains of 
spores. The G+C of the DNA ranges from 69-78 mol%. The wall 
peptidoglycan contains LL-DAP. When viewed in silhouette by the 
electron microscope the spores may be seen to be ornamented with 
spines, hairs or warts. The spore chains may be straight, wavy, 
hooked, or in spirals and are hydrophobic due to being enclosed 
in a sheath with an outer lipid layer. Spore walls can be white, 
grey, red, green, yellow or blue. Species growing on laboratory 
media can produce a range of pigments which colour the substrate 
mycelium and diffuse into the surrounding medium. Species are 
highly oxidative and can include mesophiles, psychrotrophs and 
thermophiles,. acidophiles, neutrophiles, a l k a l o p h i l e s  and 
halophiles. The genus is common in soil. Spores washed into both 
fresh water and marine habitats can reside and remain viable for 
long periods in sedimentary muds.
The S t r e p t o m y c e s  species exhibit great variety in their 
morphology, physiology and biochemical activities. Furthermore, 
the species concept amongst streptomycetes is rather difficult to 
define. Complications arise due to the fact that streptomycetes 
are highly variable. The factors which influence variability 
include the previous h i s tory of the culture, n u t r i t i o n a l  
conditions, genetic constitution and environmental factors. Among 
the most variable properties of streptomycetes, one may include 
degree of sporulation and colour of spores, surface and margin of
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colony, colony sectoring, and amount and c o l o u r  of soluble 
pigment released. Others are susceptibility of the culture to 
phage and lysis and production of antibiotics.
In the early 1960's it became increasingly obvious that 
streptomycete taxonomy was encountering serious problems. This 
was mainly due to patents on streptomycete products leading to 
the definition of over 3000 S t r e p t o m y c e s  'species’ by 1970. The 
International Streptomyces Project was organized to evaluate 
taxonomic characters and to obtain reliable descriptions of most 
of the available type strains after applying a small number of 
tests carried out under standard c o n d i t i o n s  (Shirling and 
Gottlieb, 1966). Muc h  of the i n f o r m a t i o n  o b t a i n e d  was 
incorporated into the descriptions of 463 S t r e p t o m y c e s  species 
contained in the most recent e d i t i o n  of B e r g e y ' s  m a n u a l  of 
determinative Bacteriology (Pridham and Tresner, 1974).
Meanwhile, numerical taxonomic studies (Silvestri et al., 
1962) using methods developed by Sneath (1957a,b; Sneath and 
Cowan, 1958) had suggested that the genus was over-classified and 
there might be as few as 25 centres of variation. In the recent 
numerical taxonomy of S t r e p t o m y c e s  and related genera (Williams 
et al., 1983a) most of the 394 S t r e p t o m y c e s  type cultures fell 
into one large cluster-group in the analysis based on the simple 
matching coefficient (Ss m ) and the unweighted average linkage 
algorithm. At the 77.5% level, strains in the S t r e p t o m y c e s  
cluster-group were recovered in 19 major and 40 minor clusters. 
The major clusters contained between 6 and 71 strains, varied in 
homogeneity and were provisionally regarded as ’species groups'. 
This w ork also suggested that the h e a v y  w e i g h t i n g  g i v e n  to 
morphological characters in past classifications was no longer 
justified.
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1 . 7  T h e  O c c u r e n c e  a n d  A c t i v i t i e s  o f  A c t i n o m y c e t e s  i n  N a t u r e
Actinomycetes occur and grow on a wide variety of natural 
and man-made substrates and can be said to be almost ubiquitous 
(Lechevalier, 1981). Neutral or slightly alkaline soils have the 
greatest population density while highly acidic environments, 
thermal springs of volcanic origin and deep seas do not offer 
very favourable habitats (Lechevalier, 1981; Okami and Okazaki, 
1978).
Most actinomycetes are saprophytes, playing an important 
role in the decomposition of organic matter in natural habitats. 
They are usually considered to be a s s o c i a t e d  w i t h  the later 
stages of decomposition of complex and recalcitrant polymers 
(Lacey, 1973; Lechevalier, 1981). They are capable of degrading 
lignocellulose, which is a major naturally occurring component of 
recalcitrant plant residues, hemicelluloses, pectin, keratin, 
chitin and fungal cell wall material (Williams et al., 1984). The 
last of these probably provides one of the major substrates for 
soil streptomycetes (Williams, 1978). Actinomycetes have also 
been implicated in the decomposition of humus but the ill-defined 
chemical nature of humus and its fractions, humic and fulvic 
acid, make it difficult to obtain definitive evidence. Like some 
fungi, actinomycetes can synthesize humic compounds in culture. 
Although it is difficult to make exact chemical comparisons, it 
has been claimed that the 'melanins' p r o d u c e d  by  many 
streptomycetes are similar to humic acids (see review by Williams 
et al., 1984).
The actinomycetes contain species that are pathogenic to 
man, animals and plants. Several members of the Actinomycetaceae 
(particularly A c t i n o m y c e s  s p p . ) cause actinomycosis in man and 
animals as a result of endogenous infection due to the presence 
of these organisms as regular inhabitants of the healthy mouth. 
They may also be involved in dental caries and p e r i o d o n t a l 
disease. Due to their presence in large n u m b e r s  in soils, 
composts and fodders some actinomycetes (notably N o c a r d i a e )  may
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produce exogenous infections as a result of inhalation, trauma or 
accidental inoculation. Actinomycete spores are also important 
causes of respiratory allergy such as farmers lung, mushroom- 
workers lung and humidifier fever. D e r m a t o p h l l u s  c o n g o l e n s i s  
causes an exudative, pustular d e r m a t i t i s  of w o r l d - w i d e  
distribution which primarily affects cattle, sheep and horses. 
The transmission of this disease appears to be from animal to 
animal although in temperate regions the d i s e a s e  is less 
contagious and transmission requires injuries to the skin, high 
humidity or arthropods (Schaal and Beaman, 1984). The major plant 
disease caused by a streptomycete, S t r e p t o m y c e s  scabies, is 
common scab of potatoes and sugar beet. Although scab is confined 
to the skin, the market value of potatoes is decreased and ’table 
grade' in Britain excludes tubers w i t h  scab. Y i e l d  is not 
normally affected. Some actinomycetes are able to form symbiotic 
associations w ith plants. For example, F r a n k i a , living as 
endophytes in root nodules of certain shrubs and trees can fix 
nitrogen i n  s i t u  (Becking, 1970a,b).
1.8 Selective Isolation of Actinomycetes
In order to isolate a wide variety of actinomycetes from 
natural habitats it is g e n e r a l l y  n e c e s s a r y  to e l i m i n a t e  or 
curtail fungi and bacteria without producing an adverse effect on 
the actinomycetes. Radial growth of actinomycetes on culture 
media is lower than that of fungi, and t h e i r  rate of cell 
p r o d uction is g e n erally lower t h a n  that of bacteria. Also, 
actinomycetes m ay be present in samples in r e l a t i v e l y  low 
numbers. Development of fungi can be prevented by incorporation 
of antifungal antibiotics into the medium but it is not possible 
to achieve total selective inhibition of bacteria in the presence 
of actinomycetes by the use of inhibitors. Various selective 
procedures need to be used to inc r e a s e  the p r o p o r t i o n  of 
actinomycetes to bacteria on isolation plates. This selectivity 
m ay be introduced at any of the four stag e s  of selective 
isolation (Williams and Wellington, 1982) (see below). As a 
result, numerous procedures have been devised to isolate and
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enumerate actinomycetes and almost endless variation exists for 
the design of new isolation conditions.
1) Selection of the material containing microbes
In the search for antibiotic-producing actinomycetes, soil 
has been the main habitat exploited. The p o p u l a t i o n  of 
actinomycetes varies in different soils but in most fertile soils 
from various parts of the world viable counts of approximately 5 
x 1C)6 propagules per gram of soil may be obtained (Taber, 1960). 
Such numbers are probably underestimates as no single isolation 
procedure allows the detection of all genera. Soil bacteria are 
generally 10-100 times more numerous than actinomycetes. Viable 
counts of actinomycetes are generally lowest in water-logged, 
anaerobic and acidic soils (Waksman, 1959). For this reas o n  
screening of microorganisms from these environments has been 
comparitively neglected.
Many of the different genera of actinomycetes are fairly 
ubiquitous and are seldom a s s o c i a t e d  w i t h  a single type of 
habitat (Nisbet, 1982). A l t h o u g h  r e l a t i v e l y  few sys t e m a t i c  
studies of the distribution of actinomycetes in natural habitats 
have been carried out there are instances where the most likely 
habitat of a particular genus or species of organism is known. 
For example, M i c r o p o l y s p o r a f a e n i  is found in self-heating hay or 
composts or in the c ondensate of r e f i g e r a t o r s  or air- 
conditioners; S a c c h a r o m o n o s p o r a , T h e r m o n o s p o r a  or P s e u d o n o c a r d i a  
in environments similar to the above but usually growing best at 
lower temperatures of isolation; A c t i n o p l a n e s  in c u l t i v a t e d  
fields or on riverside or lakeside plant debris; Micromonospora 
on the bottom of w a ter bodies; S t r e p t o s p o r a n g i u m  in forest 
litter; M i c r o b i s p o r a  or A c t i n o m a d u r a  in grass land or cropland; 
S a c c h a r o p o l y s p o r a  on  e x h a u s t e d  s u g a r c a n e  r e s i d u e s  and 
D a c t y l o s p o r a n g i u m , N o c a r d i o p s i s  or S p o r i c h t h y a  on plant debris 
(Lechevalier, 1981).
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The isolation of actinomycetes from n o n - t e r r e s t r i a l  
environments has been generally neglected. The production of 
antimicrobial substances by marine bacteria isolated either from 
seawater or marine sediments has been known for some time (eg. 
Grein and Meyers, 1958) (see C r o s s , 1981 and G o o d f e l l o w  and 
Haynes, 1984 for reviews). However, isolates obtained were very 
similar to their terrestial counterparts (Kriss et al., 1967). A 
reason for this is perhaps that isolation methods designed for 
soil actinomycetes were used in these early studies. Okami (1986) 
applied screening strategies based on environmental conditions 
and factors pertinent to marine environments. These included the 
requirement of seawater by organisms for growth and antibiotic 
production; the influence of salt concentration and nutrients 
similar to those in seawater; requirements for extracts from 
marine organisms such as seaweed for antibiotic production; and 
the production and d e g r a d a t i o n  of p o l y m e r s  such as 
polysaccharides in the sea. The application of this ecological 
approach led to the discovery of several new bioactive agents and 
enzymes.
The isolation of actinomycetes from extreme environments has 
met with some success and r e v e a l e d  a n t i b i o t i c - p r o d u c i n g  
actinomycetes adapted to low temperatures (Yoshida et al., 1973), 
high temperatures (Craveri et al., 1964; Maehr et al., 1979; 
Deushi et al., 1979), extreme salt concentrations (Okami et al., 
1976), alkaline (Funk and Divekar, 1959) and acidic environments 
(Khan and Williams, 1975; Nkanga and H a g e d o m ,  1978). Polluted 
environments where the normal balance of the community may have 
been disturbed have also recie v e d  attention. Although, more 
actinomycetes probably remain to be detected in such environments 
(Williams and Wellington, 1982) it would seem likely that the 
diversity of actinomycetes adapted to such extremes would be 
limited. However, it is probably true that many less extreme 
environments have been g r o s s l y  u n d e r e x p l o i t e d .  Since all 
isolation techniques are selective to a degree, only a small 
fraction of the total soil population is recovered using each 
method. Also, rare microorganisms are so grossly outnumbered by
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other microorganisms in soil samples that t h e y  may n e v e r  be 
isolated using conventional dilution plating techniques. Many of 
these undiscovered m i c r o o r g a n i s m s  may be r e v e a l e d  by the 
a pplication of varied selective i s o l a t i o n  t e c h n i q u e s  and 
enrichment methods. Indeed, it is o f ten the case that new 
organisms are discovered from ’o l d 1 habitats after innovative new 
isolation regimes have been applied. The r e c o g n i t i o n  of the 
presence of microenvironments within habitats may also aid the 
discovery of new microorganisms. For instance, the root exudates 
from plants may provide a natural enrichment system for certain 
groups of microorganisms. Furthermore, different plant exudates 
may be associated with different plant species, resulting in the 
establishment of a varied rhizosphere microflora depending on 
both the soil type and the species of plant.
2) Pre-treatment of the material
Heat treatments and air-drying of soil have frequently been 
used to decrease the numbers of b a c t e r i a  a p p e a r i n g  on 
actinomycete isolation plates. Both actinomycete spores (eg. 
M i c r o b i s p o r a  and S t r e p t o s p o r a n g i u m  (Nonomura and Ohara, 1969), 
S t r e p t o m y c e s  (Williams et al., 1972), A c t i n o m a d u r a  (Athalye and 
Lacey, 1981)), and hyphal fragments (eg. R h o d o c o c c u s  (Rowbotham 
and Cross, 1977)) are more resistant to heat and drying than Gram 
negative bacterial cells a l t hough i n e v i t a b l y  one also loses 
numbers of actinomycetes. Heat treatment may be useful in the 
study of actinomycetes from rhizosphere soils where Gram negative 
bacteria may predominate (Williams et al., 1972). However, since 
most of the bacteria in soil are Gram positive and B a c i l l u s  
spores are also resistant to heat and desiccation, these methods 
are seldom of much general value and are used only for specific 
needs. It must also be emphasized that the period of heating or 
drying required will be i n f l u e n c e d  by  the initial m o i s t u r e  
content and moisture retention capacity of the sample.
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In contrast to the air-drying method, the r e h y d r a t i o n  
technique (Makkar and Cross, 1982) may be applied to soil and 
leaf litter samples from freshwater habitats. This encourages the 
release of zoospores into the aqueous phase so facilitating the 
isolation of strains from all of the actinoplanete genera.
Actinomycetes are not found in large numbers on live or 
newly dead green-plants (Lechevalier, 1981) and are u s u a l l y  
considered to be associated w i t h  the later stages of 
decomposition. Pretreatment of fresh p l ant m a t e r i a l  w i t h  
inhibitors such as phenol is generally necessary to increase the 
ratio of actinomycetes to bacteria (eg. Panthier et al., 1979).
Filtration and centrifugation methods may be necessary for 
concentration of actinomycetes in water samples (Burman et a l . , 
1969; Al-Diwany and Cross, 1978; Okami and Okazaki,1978) and may 
be used to distinguish actinomycete hyphae from spores.
Surprisingly, nutrient enrichment of material e n  m a s s e  prior 
to isolation has been used infrequently. It can be a c h ieved  
either by addition of solid substrates (eg. paraffin for N o c a r d i a  
(Gordon and Hagan, 1936), p o l l e n  for the A c t i n o p l a n a c e a e  
(Nonomura et al., 1979), chit i n  for some s t r e p t o m y c e t e s  
(Mayfield, 1969)) or by perfusion with soluble liquid nutrients. 
This latter technique has perhaps been avoided in the case of 
actinomycetes due to the common misconception that actinomycetes 
prefer dry environments. Actinomycete propagules are adapted for 
survival in dry environments, as a result they often constitute a 
greater proportion of the colonies on isolation plates from dry 
soil. However, as with other microorganisms optimum growth will 
not occur under dry conditions (Williams e t  a l . ,  1984). It has 
been shown that some soil streptomycetes are capable of growth on 
media with high moisture potentials (Klevenskaya, 1960), however, 
xerophytic actinomycetes have not been reported.
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Incubation of soil with calcium carbonate has been used to 
change the pH of the soil to favour actinomycetes and retard 
fungi in isolation systems where antifungals could not be used, 
for example, where overlay of the plates with fungi was intended 
(Tsao et al., 1960). The number of bacterial colonies forming on 
plates was not found to be reduced by this treatment. However, 
El-Nakeeb and Lechevalier (1963) reported that calcium carbonate 
treatment not only gave the i n c r e a s e d  total counts of 
actinomycetes, but also the lowest relative numbers of bacteria, 
although they added that diversity of the actinomycete isolates 
was reduced.
After sampling, the microbial p o p u l a t i o n s  n e e d  to be 
separated. Man y  of the methods use d  to ac h i e v e  this m a y  be 
considered as pre-treatments (intentional or otherwise). The most 
popular technique is dilution of the s a mple in an aqueous 
solution. This suffers from a predisposition towards readily 
sporing bacteria and fungi. The diluent may also need to be 
chosen carefully (eg. Tween 80 and other detergents may have the 
effect of reducing numbers of bacteria). Various homogenisation 
methods have been devised to release and disperse microorganisms 
from soil particles. These include various shaking procedures, 
ultrasonication, use of wetting agents etc. Such techniques are 
generally developed on an ad h o c  basis depending on the specific 
needs of the isolation programme (type of sample etc.) For this 
reason it is difficult to generalise about the efficacy of the 
different treatments and little is published about them. Extended 
homoge n i s a t i o n  methods may be u s e d  to d i s t i n g u i s h  b e t w e e n  
actinomycete hyphal fragments and spores (eg. Johnston and Cross, 
1976).
Other dispersal techniques include the spreading of dried 
soil on isolation plates. Dried sterile sponge pieces can be used 
to disperse soil particles with the advantage of diluting the 
fragments during sequential transfer of the sponge over different 
areas of the agar plate. A further refinement is the microhabitat 
study in which microscopic fragments of soil can be centred on an
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agar plate and the cultures isolated from successive flushes of 
outgrowth.
The spores of thermophilic actinomycetes in deteriorated hay 
and other plant materials may be more efficiently estimated by 
agitation in air than by dilution plating. Removal of spores can 
be achieved in a wind tunnel (Gregory and Lacey, 1963). This 
reduces the number of bacteria on isolation plates because fewer 
bacteria are blown than washed off. Air is then impacted onto 
medium using a cascade impactor, Andersen sampler or a simple 
sedimentation chamber (Lacey and Dutkiewicz, 1976) where 
particles are separated according to size. Late sampling from 
the sedimentation chamber may be advantageous as actinomycete 
spores take longer to sediment than bacterial cells, endospores 
and fungal spores.
The procedure used to incorporate samples from the dilution 
plate technique into agar media can influence the proportion of 
actinomycetes to bacteria appearing on isolation plates. The 
spread plate technique can e n c o u r a g e  the s p r e a d  of motile 
bacteria over the medium surface due to the p r e s e n c e  of a 
moisture film. This can be overcome by the pour plate technique 
where inoculation of the molten medium is made before plating. 
However, the pour plate m e thod has several disadvantages. 
A ctinomycete colonies d e v e loping w i t h i n  the m e d i u m  are less 
easily categorised, enumerated and purified since they lack the 
characteristic aerial growth and pigmentation. Drying of the agar 
plate (at 45°C in an oven or in a laminar low cabinet for up to 
one hour) before spread p l a ting is m o r e  e f f e c t i v e  and is a 
commonly used technique. Extended drying (both before and after 
spread-plating) for up to a total of 150 minutes has been found 
to yield similar counts of both actinomycetes and bacteria to the 
pour plate method and spreading bacteria have been reported to be 
rare or absent on dried, s u r f a c e - s p r e a d  p l a t e s  (Vickers and 
Williams, 1987).
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3) Growth on Laboratory Media
Selectivity of an isolation medium can be influenced by its 
nutrient composition, its pH and the a d d i t i o n  of s e l ective 
inhibitors. Components have usually been chosen by trial and 
error and, therefore, the basis for selectivity is not always 
very clear.
Generally the best carbon sources for actinomycetes are 
glycerol, starch and chitin, with casein, asparagine and arginine 
as organic nitrogen sources. Many media also contain an inorganic 
source of nitrogen such as nitrate, and phosphate (Williams and 
Cross, 1971). Media with a high C:N ratio favour the development 
of typical sporophores and conidiospores (Williams and Cross, 
1971) and are used for culture maintenance and characterisation 
studies, however they are not necessarily appropriate isolation 
media.
Different media yield qualitatively different isolates from 
the same sample, therefore, there is no such thing as a ’general 
p u r p o s e ’ isolation medium, even for the w e l l - s t u d i e d  
streptomycetes (Vickers and Williams, 1987). However, three of 
the most widely applicable i s o l a t i o n  m e d i a  are c h i t i n  agar 
(Lingappa and Lockwood, 1962), starch-casein medium (Kuster and 
Williams, 1964; Williams and Davies, 1965) and M3 m e d i u m  
(Rowbotham and Cross, 1977). These d i f f e r  m a r k e d l y  in 
composition.
Chitin medium has often been used to isolate actinomycetes 
from soil and water. It is s e l e ctive for the f a s t - g r o w i n g  
S t r e p t o m y c e s  and M i c r o m o n o s p o r a ,  However, in tests on over 500 
actinomycetes Williams et al.(1983a) showed that only 25% were 
strongly chitinolytic. He suggests that many actinomycetes grow 
on this medium as ’scavengers' for carbon and nitrogen without 
actually using chitin (Williams et al., 1984). Starch-casein 
medium allows the growth of a similar range of actinomycetes as 
chitin agar, however it also encourages the growth of many soil
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bacteria.
M a n y  n u t r i t i o n a l l y  w e a k  i s o l a t i o n  m e d i a  h a v e  b e e n  u s e d  f o r  
a c t i n o m y c e t e  i s o l a t i o n  e g .  t a p - w a t e r  a g a r .  B a c t e r i a l  c o l o n i e s  a r e  
v e r y  s m a l l  o n  w e a k  m e d i a  w h e r e a s  a c t i n o m y c e t e  c o l o n i e s  a r e  
e a s i l y  r e c o g n i s e d ,  p r o d u c i n g  l o n g ,  d i f f u s e  h y p h a e .  M 3  m e d i u m  i s  a  
n u t r i t i o n a l l y  w e a k  m e d i u m  t h a t  r e t a r d s  d e v e l o p m e n t  n o t  o n l y  o f  
b a c t e r i a  b u t  a l s o  t h e  f a s t e r  g r o w i n g  s t r e p t o m y c e t e s ,  t h u s  
f a c i l i t a t i n g  t h e  g r o w t h  o f  o t h e r  g e n e r a  s u c h  a s  R h o d o c o c c u s .
T r a c e  m e t a l  a n d  v i t a m i n  s u p p l e m e n t s  a r e  o f t e n  a d d e d  t o  
i s o l a t i o n  m e d i a ,  a l t h o u g h  t h e  b a s i s  f o r  t h e i r  i n c l u s i o n  i s  n o t  
a l w a y s  c l e a r .  B - v i t a m i n s  a r e  o f t e n  c i t e d  a s  a  r e q u i r e m e n t  f o r  t h e  
i s o l a t i o n  o f  r a r e r  a c t i n o m y c e t e s .  A l t e r n a t i v e l y ,  s o i l  e x t r a c t s  
m a y  b e  u s e d  a s  a n  u n d e f i n e d  s u p p l e m e n t .
I n c o r p o r a t i o n  o f  a n t i b i o t i c s  i n t o  i s o l a t i o n  m e d i a  i s  a  
w i d e s p r e a d  a n d  e f f e c t i v e  m e a n s  o f  i n c r e a s i n g  s e l e c t i v i t y .  
I n c l u s i o n  o f  a n t i f u n g a l  a n t i b i o t i c s  s u c h  a s  c y c l o h e x i m i d e  a n d  
n y s t a t i n  i s  e s s e n t i a l  w h e n  d e a l i n g  w i t h  m o s t  s o i l s ,  a n d  s u c h  
a n t i b i o t i c s  h a v e  n o  e f f e c t  o n  a c t i n o m y c e t e s .  U s e  o f  a n t i b a c t e r i a l  
a n t i b i o t i c s  p r e s e n t s  m o r e  p r o b l e m s  a s  a c t i n o m y c e t e s  a r e  
p o t e n t i a l l y  s e n s i t i v e  t o  t h e m .  N u m e r i c a l  t a x o n o m y  h a s  p r o v i d e d  
d a t a  o n  a n t i b i o t i c  s e n s i t i v i t y  o f  d i f f e r e n t  s p e c i e s  g r o u p s  a n d  
h a s  l e d  t o  t h e  d e s i g n  o f  s e v e r a l  s p e c i a l i s e d  s e l e c t i v e  i s o l a t i o n  
m e d i a  ( s e e  S e c t i o n  1 . 9 ) .
A s  m o s t  a c t i n o m y c e t e s  a r e  n e u t r o p h i l e s ,  t h e  p H  o f  i s o l a t i o n  
m e d i a  i s  u s u a l l y  b e t w e e n  6 . 7  a n d  7 . 5 .  C l e a r l y ,  i t  i s  n e c e s s a r y  t o  
a d j u s t  t h e  p H  o f  t h e  m e d i a  f o r  t h e  i s o l a t i o n  o f  a c i d o p h i l e s  ( K h a n  
a n d  W i l l i a m s , 1 9 7 5 ;  H a g e d o r n ,  1 9 7 6 )  a n d  b a s o p h i l e s .  A d j u s t m e n t  o f  
t a p - w a t e r  a g a r  t o  p H  9 - 1 0  h a s  b e e n  r e p o r t e d  t o  b e  t o t a l l y  
s e l e c t i v e  f o r  a c t i n o m y c e t e s  ( H o  a n d  K o ,  1 9 8 0 ) .
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4) Incubation
A c t i n o m y c e t e  i s o l a t i o n  p l a t e s  a r e  u s u a l l y  i n c u b a t e d  b e t w e e n  
2 5  a n d  3 0 ° C  ( 2 8 ° C  i s  t h e  o p t i m u m  f o r  m o s t  s t r e p t o m y c e t e s ) .  
T h e r m o p h i l e s  a r e  i s o l a t e d  b e t w e e n  4 5 °  a n d  5 5 °  C  a n d  p s y c h r o p h i l e s  
b e t w e e n  4 °  a n d  1 0 ° C ,  a l t h o u g h  l i t t l e  a t t e n t i o n  h a s  b e e n  p a i d  t o  
t h e  l a t t e r  g r o u p .  T h e  m a j o r  v a r i a b l e  i s  t h e  l e n g t h  o f  t h e  
i n c u b a t i o n  p e r i o d .  T h e  c o m m o n l y  i s o l a t e d  m e s o p h i l i c  g e n e r a ,  s u c h  
a s  S t r e p t o m y c e s  a n d  M i c r o m o n o s p o r a ,  c a n  b e  g r o w n  w i t h i n  7  t o  1 4  
d a y s .  H o w e v e r ,  n o v e l  o r  u n u s u a l  i s o l a t e s  m a y  b e  o v e r l o o k e d  u n l e s s  
i n c u b a t i o n  p e r i o d s  a r e  e x t e n d e d  ( e g .  F r a n k i a  ( C a l l a h a m  e t  a l . ,
1 9 7 8 ) ) .
1 . 9  A p p l i c a t i o n  o f  N u m e r i c a l  M e t h o d s  t o  M e d i u m  D e s i g n  a n d
S c r e e n i n g
T h e  p h y s i o l o g i c a l  a n d  b i o c h e m i c a l  t e s t s  u s e d  i n  n u m e r i c a l  
t a x o n o m i c  s t u d i e s  p r o v i d e  e x t e n s i v e  d a t a  m a t r i c e s  w h i c h  a r e  
u s e f u l  f o r  d e v e l o p i n g  s e l e c t i v e  i s o l a t i o n  t e c h n i q u e s  a n d  p o s s i b l y  
a s s i s t  i n  t h e  s c r e e n i n g  o f  a c t i n o m y c e t e s  f o r  n o v e l  m e t a b o l i t e s  
a n d  e n z y m e s  ( W e l l i n g t o n  a n d  C r o s s ,  1 9 8 2 ) .
A  n u m b e r  o f  n u m e r i c a l  t a x o n o m i c  s t u d i e s  h a v e  r e s u l t e d  i n  t h e  
d e v e l o p m e n t  o f  s e l e c t i v e  i s o l a t i o n  t e c h n i q u e s  u s i n g  a n t i b i o t i c s  
a s  s e l e c t i v e  a g e n t s ;  F o r  e x a m p l e ,  t h e  u s e  o f  c h l o r t e t r a c y c l i n e ,  
d i m e t h y l c h l o r t e t r a c y c l i n e  a n d  m e t h a c y c l i n e  f o r  t h e  s e l e c t i v e  
i s o l a t i o n  o f  N o c a r d i a  ( G o o d f e l l o w  a n d  O r c h a r d ,  1 9 7 4 ;  O r c h a r d  a n d  
G o o d f e l l o w ,  1 9 7 4 ) ,  r i f a m p i c i n  f o r  t h e  s e l e c t i v e  i s o l a t i o n  o f  t h e  
A c t i n o m a d u r a e  ( A t h a l y e  a n d  L a c e y ,  1 9 8 1 )  a n d  k a n a m y c i n  f o r  
T h e r m o n o s p o r a  s p p .  ( M c C a r t h y  a n d  C r o s s ,  1 9 8 1 ) .  R e s i s t a n c e  t o  
n e o m y c i n  ( W i l l i a m s  e t  a l . ,  1 9 8 1 )  a p p e a r e d  t o  b e  u s e f u l  f o r  t h e  
i s o l a t i o n  o f  e s t a b l i s h e d  a n t i b i o t i c - p r o d u c i n g  s p e c i e s  ( A l d e r s o n ,  
u n p u b l i s h e d  d a t a ,  a s  r e p o r t e d  b y  W e l l i n g t o n  a n d  C r o s s ,  1 9 8 2 ) .
W h e r e  a n t i m i c r o b i a l  a c t i v i t y  i s  i n c l u d e d  i n  t a x o n o m i c  
d a t a b a s e s  a n  i n t e r e s t i n g  d i s t r i b u t i o n  o f  a n t i b i o t i c  p r o d u c i n g  
s t r a i n s  m a y  b e  a p p a r e n t  a m o n g  t a x o n o m i c  c l u s t e r s  ( W e l l i n g t o n  a n d
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C r o s s ,  1 9 8 2 ) .  T h i s  i n f o r m a t i o n  m a y  b e  u s e f u l  f o r  t h e  s e l e c t i o n  o f  
o r g a n i s m s  f o r  a n t i b i o t i c  s c r e e n i n g  p r o g r a m m e s .
T h e  n u m e r i c a l  t a x o n o m y  o f  m o r e  t h a n  5 0 0  S t r e p t o m y c e s  b y  
W i l l i a m s  e t  a l . ,  ( 1 9 8 3 a , b )  y i e l d e d  e x t e n s i v e  d a t a  o n  t h e
p h y s i o l o g i c a l  r e q u i r e m e n t s  o f  2 3  m a j o r  s p e c i e s  g r o u p s .  T h i s  
i n f o r m a t i o n  p r o v i d e d  a  l o g i c a l  b a s i s  f o r  t h e  f o r m u l a t i o n  o f  n e w  
i s o l a t i o n  m e d i a  f o r  s e l e c t e d  s p e c i e s  g r o u p s  ( V i c k e r s ,  W i l l i a m s  
a n d  R o s s ,  1 9 8 4 ) ,  B y  s e l e c t i n g  a g a i n s t  t h e  m o r e  c o m m o n  
S t r e p t o m y c e s  s p e c i e s ,  r a r e r  a n d  p e r h a p s  n o v e l  s p e c i e s  c o u l d  b e  
i s o l a t e d .
T h e  u s e  o f  a n  e s s e n t i a l l y  t a x o n o m i c  m a t r i x  f o r  t h e  
c l a s s i f i c a t i o n  o f  a c t i n o m y c e t e s  f o r  m e d i u m  d e s i g n  ( W e l l i n g t o n  a n d  
C r o s s ,  1 9 8 2 ;  V i c k e r s  e t  a l . ,  1 9 8 4 ) ,  h o w e v e r ,  h a s  s e v e r a l  
d i s a d v a n t a g e s .  F i r s t l y ,  i t  o n l y  i n c l u d e s  i n f o r m a t i o n  o n  
a c t i n o m y c e t e s  a n d  d o e s  n o t  t a k e  i n t o  a c c o u n t  t h e  r e a c t i o n  o f  
o t h e r  m e m b e r s  o f  n a t u r a l  p o p u l a t i o n s  t o  t h e  s a m e  t e s t s .  
E u b a c t e r i a  a r e  f r e q u e n t l y  t r o u b l e s o m e  o n  s o i l  d i l u t i o n  p l a t e s  a s  
t h e y  a r e  o f t e n  p r e s e n t  i n  l a r g e r  n u m b e r s  t h a n  a c t i n o m y c e t e s  a n d  
t e n d  t o  o u t g r o w  t h e m .  F u n g i  m a y  a l s o  b e  a  p r o b l e m  i f  a n t i f u n g a l s  
a r e  n o t  i n c o r p o r a t e d  i n t o  t h e  m e d i u m .  S e c o n d l y ,  t a x o n o m i c  
c r i t e r i a  a r e  n o t  a l w a y s  a p p l i c a b l e  t o  t h e  d e s i g n  o f  n e w  m e d i a  
( e g .  s p o r e  c o l o u r  o b s e r v a t i o n s ) .  A l s o ,  c o m p e t i t i o n  e f f e c t s  m a y  
l e a d  t o  r e s u l t s  o t h e r  t h a n  t h o s e  p r e d i c t e d .  E l i m i n a t i o n  o f  o n e  
g r o u p  b y  s e l e c t i o n  m a y  l e a d  t o  t h e  i s o l a t i o n  o f  i n c r e a s e d  n u m b e r s  
o f  a n o t h e r  g r o u p  o r  t h e  i s o l a t i o n  o f  a  p r e v i o u s l y  u n a n t i c i p a t e d  
g r o u p  ( V i c k e r s  e t  a l . ,  1 9 8 4 ) .
N u m e r i c a l  t e c h n i q u e s  m a y  a l s o  b e  u s e f u l  i n  t h e  s c r e e n i n g  o f  
a c t i n o m y c e t e s  f o r  n o v e l  m e t a b o l i t e s .  T h e  a b i l i t y  o f  n u m e r i c a l  
m e t h o d s  t o  e f f e c t  s e p a r a t i o n  o n  t h e  b a s i s  o f  t h e  p H  p r o f i l e s  o f  
S t r e p t o m y c e s  i s o l a t e s  i n  d i f f e r e n t  m e d i a  w a s  u s e d  b y  B u s h e l l  a n d  
N i s b e t  ( 1 9 8 1 )  t o  e l i m i n a t e  p r o d u c e r s  o f  k n o w n  a n t i b i o t i c s  a n d  t o  
f a c i l i t a t e  t h e  r e c o g n i t i o n  o f  p r o d u c t s  w i t h  c o m m e r c i a l  p o t e n t i a l  
i n  s c r e e n s  f o r  s e c o n d a r y  m e t a b o l i t e s .
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1.10 Description of Microbial Populations from Natural Habitats
I n  a t t e m p t i n g  t o  u n d e r s t a n d  i n t e r a c t i o n s  w i t h i n  m i c r o b i a l  
p o p u l a t i o n s  i t  w o u l d  b e  u s e f u l  t o  b e  a b l e  t o  d e s c r i b e  t h e  m e m b e r s  
t a x o n o m i c a l l y .  F a c e d  w i t h  t h e  i m p o s s i b l e  t a s k  o f  i d e n t i f y i n g  
l a r g e  n u m b e r s  o f  t a x o n o m i c a l l y  d i v e r s e  o r g a n i s m s  e c o l o g i s t s  h a v e  
t u r n e d  i n  t h e  p a s t  t o  a r t i f i c i a l  g r o u p i n g s  b a s e d  o n  a  l i m i t e d  
n u m b e r  o f  e a s i l y  o b t a i n a b l e  c h a r a c t e r s  s u c h  a s  m o r p h o l o g y ,  
p i g m e n t a t i o n  a n d  n u t r i t i o n .  I n  s o i l  m i c r o b i o l o g y  t h e  m o s t  w i d e l y  
u s e d  a l t e r n a t i v e  c l a s s i f i c a t i o n s  w e r e  t h o s e  b a s e d  o n  n u t r i t i o n  
( L o c h h e a d  a n d  C h a s e ,  1 9 4 3 ;  T a y l o r ,  1 9 5 1 ;  R o a t t ,  1 9 6 7 ;  J e n s e n ,  
1 9 7 1 ) .  T h e  n u t r i t i o n a l  t e s t s ,  w h i c h  w e r e  s i m p l e  t o  p e r f o r m  a n d  
w e r e  m e a n t  t o  r e f l e c t  c o n d i t i o n s  p r e v a i l i n g  i n  t h e  s o i l ,  e n a b l e d  
e c o l o g i s t s  t o  d e t e r m i n e  t h e  g r o w t h  r e q u i r e m e n t s  o f  e a c h  i s o l a t e .  
T h i s  k n o w l e d g e  t h e n  p e r m i t t e d  s p e c u l a t i o n  a b o u t  l i k e l y  
d i s t r i b u t i o n  a n d  f u n c t i o n  o f  o r g a n i s m s  i n  t h e  e c o s y s t e m .
T h e r e  a r e  s e v e r a l  s i m i l a r i t i e s  b e t w e e n  a p p l y i n g  e c o l o g i c a l  
t e s t s  a n d  t a x o n o m i c  t e s t s .  I t  i s  n o t  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  
e c o l o g i s t s  a l s o  t u r n e d  t o  n u m e r i c a l  m e t h o d s  o f  d a t a  m a n i p u l a t i o n .  
F a c t o r  a n d  p r i n c i p a l  c o m p o n e n t s  a n a l y s i s  h a v e  b e e n  u s e d  t o  
d e s c r i b e  b a c t e r i a l  p o p u l a t i o n s  f r o m  a  n u m b e r  o f  h a b i t a t s ,  
e s p e c i a l l y  s o i l .  G y l l e n b e r g  ( 1 9 6 4 )  u s e d  p r i n c i p a l  c o m p o n e n t s  
a n a l y s i s  t o  r e p r e s e n t  a  p o p u l a t i o n  f r o m  s o i l  i n  t h r e e  d i m e n s i o n a l  
e u c l i d e a n  f a c t o r  s p a c e .  S u n d m a n  ( 1 9 6 8 )  f o u n d  t h a t  s o m e  f a c t o r  
e s t i m a t e s  w e r e  c o n s t a n t  f e a t u r e s  o f  t h e  s o i l  p o p u l a t i o n .  I n  a  
f u r t h e r  s t u d y ,  s h e  d e s c r i b e d  f o u r  p o p u l a t i o n s  o f  b a c t e r i a  f r o m  
s o i l  u s i n g  d i s c r i m i n a t i n g  f a c t o r s  w h i c h  a c c o u n t e d  f o r  5 6 %  o f  t h e  
t o t a l  f a c t o r  v a r i a n c e  ( S u n d m a n ,  1 9 7 0 ) .  Q u a d l i n g  ( 1 9 6 7 )  a n d  D e a v i n  
e t  a l . ,  ( 1 9 8 1 )  u s e d  s i m i l a r  t e c h n i q u e s  t o  d i s t i n g u i s h  b e t w e e n  
p o p u l a t i o n s  o f  b a c t e r i a  f r o m  r h i z o s p h e r e  a n d  n o n - r h i z o s p h e r e  
s o i l s .  T h e s e  s t u d i e s  s h o w e d  t h a t  f a c t o r  a n a l y s i s  p r o v i d e d  a  m e a n s  
o f  c o m p a r i n g  b a c t e r i a l  p o p u l a t i o n s  w i t h o u t  t h e  n e e d  t o  c l u s t e r  
i n d i v i d u a l  i s o l a t e s  ( d i s c r e t e  c l u s t e r s  a r e  p r o d u c e d  b y  c l u s t e r  
a n a l y s i s  w h e r e a s  o r d i n a t i o n  m e t h o d s  s u c h  a s  p r i n c i p a l  c o m p o n e n t s  
a n a l y s i s  p o s i t i o n  s t r a i n s  i n  r e l a t i o n  t o  m u l t i d i m e n s i o n a l  
c h a r a c t e r  a x e s ,  c l u s t e r s  b e i n g  m a d e  l a t e r  b y  e y e ) .  S e v e r a l
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s t u d i e s  m a d e  u s e  o f  t h i s  a n d  w e r e  d e s i g n e d  t o  e s t a b l i s h  t h e  
i n f l u e n c e  o f  s o i l  m a n a g e m e n t  t e c h n i q u e s ,  s u c h  a s  c u l t i v a t i o n ,  
c r o p  r o t a t i o n  a n d  h e r b i c i d e  a n d  p e s t i c i d e  t r e a t m e n t  ( G y l l e n b e r g  
a n d  R a u r a m a a ,  1 9 6 6 ;  S u n d m a n  a n d  C a r l b e r g ,  1 9 6 7 ;  S k y r i n g  a n d  
Q u a d l i n g ,  1 9 6 9 ;  S u n d m a n ,  1 9 7 0 ;  a n d  T o r s t e n s o n  a n d  R o s s w a l l ,
1 9 7 7 ) .
A s  w e l l  a s  e n a b l i n g  t h e  c o m p a r i s o n  o f  m i c r o b i a l  p o p u l a t i o n s  
u s i n g  e c o l o g i c a l  g r o u p i n g s ,  n u m e r i c a l  m e t h o d s  h a v e  a l s o  p r o v i d e d  
u s  w i t h  a  m e a n s  t o  e v a l u a t e  a l t e r n a t i v e  g r o u p i n g s .  K e a s t  e t  a l . ,  
( 1 9 8 4 a )  c o m p a r e d  a n  a m e n d e d  f o r m  o f  t h e  a c t i n o m y c e t e  g r o u p i n g  
m e t h o d  d e v i s e d  b y  W i l l i a m s ,  D a v i s  a n d  H a l l  ( 1 9 6 9 )  w i t h  t h e  r e c e n t  
n u m e r i c a l  c l a s s i f i c a t i o n  ( W i l l i a m s  e t  a l .  1 9 8 3 a , b ) .  H e  f o u n d  t h a t  
t h e  g r o u p i n g  o f  i s o l a t e s  a c c o r d i n g  t o  s p o r e  c o l o u r ,  s o l u b l e  
p i g m e n t ,  r e v e r s e  m y c e l i u m  c o l o u r ,  m e l a n i n  p r o d u c t i o n ,  e i t h e r  b y  
e y e  o r  u s i n g  a  c o m p u t e r ,  p r o d u c e d  s p e c i e s - g r o u p s  a n a l o g o u s  t o  t h e  
W i l l i a m s  e t  a l .  c l u s t e r  g r o u p s .  T h i s  s i m p l i f i e d  g r o u p i n g  m e t h o d  
c o u l d  t h e n  b e  u s e d  t o  s t u d y  t h e  e c o l o g y  o f  a c t i n o m y c e t e s  i n  s o i l s  
( K e a s t  e t  a l . ,  1 9 8 4 b ) .
1 . 1 1  T h e  B i o l o g i c a l  S i g n i f i c a n c e  o f  S e c o n d a r y  M e t a b o l i s m
T h e r e  a r e  s e v e r a l  p r o p o s e d  f u n c t i o n s  f o r  s e c o n d a r y  
m e t a b o l i t e s  i n  n a t u r e ,  h o w e v e r  w e  s t i l l  d o  n o t  c o m p l e t e l y  
u n d e r s t a n d  t h e  r o l e  t h e y  a c t u a l l y  p l a y .
A n t i b i o t i c s  a s  W e a p o n s
A s  a  r e s u l t  o f  t h e  e f f e c t s  o f  a n t i b i o t i c s  o n  o t h e r  
o r g a n i s m s ,  t h e y  a r e  t h o u g h t  t o  f u n c t i o n  i n  t h e  k i l l i n g  ( o r  
i n h i b i t i o n  o f  g r o w t h )  o f  o t h e r  o r g a n i s m s  i n  n a t u r e ,  t h e r e b y  
p r o v i d i n g  a  c o m p e t i t i v e  a d v a n t a g e  t o  t h e  p r o d u c i n g  o r g a n i s m .  T h i s  
m a y  b e  o f  v a l u e  f o r  c o m p e t i t i o n  f o r  n u t r i e n t s  i n  s o i l  o r  f o r  
a t t a c h m e n t  s i t e s  i n  s e a w a t e r  w h e r e  a n t i b i o t i c  s u b s t a n c e s  h a v e  
b e e n  o b s e r v e d  t o  r e m a i n  f i m l y  b o u n d  t o  t h e  p r o d u c e r  c e l l  ( L e m o s  
e t  a l . ,  1 9 8 5 ) .
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T h e  e a r l y  r e a l i z a t i o n  t h a t  m o s t  m i c r o b e s  p r o d u c i n g  
a n t i b i o t i c s  i n  v i t r o  o r i g i n a t e d  f r o m  s o i l  p r o m p t e d  m a n y  
m i c r o b i o l o g i s t s  t o  i n v e s t i g a t e  t h e  e c o l o g i c a l  r e l e v a n c e  o f  t h e s e  
c o m p o u n d s .  N u m e r o u s  a t t e m p t s  w e r e  m a d e  b e t w e e n  1 9 4 8  a n d  1 9 6 0  t o  
d e t e c t  a n t i b i o t i c s  i n  n a t u r a l  s o i l  ( s e e  r e v i e w s  b y  W a k s m a n  ( 1 9 5 6 )  
a n d  B r i a n  ( 1 9 5 7 ) ) .  I n o c u l a t i o n  o f  n a t u r a l ,  u n t r e a t e d  s o i l  w i t h  
a n t i b i o t i c - p r o d u c i n g  m i c r o o r g a n i s m s  d i d  n o t  r e s u l t  i n  t h e  
f o r m a t i o n  o f  d e t e c t a b l e  a m o u n t s  o f  a n t i b i o t i c .  S o m e  s u c c e s s  w a s  
o b t a i n e d  w h e n  n a t u r a l  s o i l  w a s  a m e n d e d  w i t h  v a r i o u s  n u t r i e n t s  o r  
w h e n  s o i l  w a s  s t e r i l i s e d ,  t h u s  i n c r e a s i n g  a v a i l a b l e  n u t r i e n t s  a n d  
r e m o v i n g  c o m p e t i t i o n  a g a i n s t  t h e  i n o c u l a n t .  I t  i s  s t i l l  u n c e r t a i n  
w h e t h e r  a n t i b i o t i c s  a r e  p r o d u c e d  i n  n a t u r a l  u n a m e n d e d  s o i l s .  
H o w e v e r ,  t h e r e  i s  m u c h  e v i d e n c e  t h a t  p r o d u c t i o n  o f  a n t i b i o t i c s  i n  
s o i l  i s  l i m i t e d  b y  n u t r i e n t  s h o r t a g e .
I n  t h e  r h i z o s p h e r e ,  w h e r e  p l a n t  e x u d a t e s  a r e  a v a i l a b l e  t o  
s o i l  m i c r o o r g a n i s m s ,  t h e r e  i s  e v i d e n c e  t h a t  s o i l  s a p r o p h y t e s  
a f f o r d  s o m e  p r o t e c t i o n  t o  p l a n t s  a g a i n s t  r o o t - i n f e c t i n g  f u n g i  a n d  
o t h e r  p a t h o g e n s .  T y p i c a l l y ,  r e d u c e d  i n c i d e n c e  o f  r o o t  i n f e c t i o n  
h a s  b e e n  c o r r e l a t e d  w i t h  a n  i n c r e a s e  i n  n u m b e r s  o f  s a p r o p h y t e s  
w h i c h  i n h i b i t  t h e  p a t h o g e n  i n  v i t r o .  H o w e v e r ,  i t  i s  d e b a t a b l e  
w h e t h e r  t h i s  m a y  b e  a t t r i b u t e d  t o  t h e  p r o d u c t i o n  o f  a n t i b i o t i c s  
s i n c e  a n t a g o n i s m  m a y  b e  b a s e d  o n  o t h e r  i n t e r a c t i o n s  s u c h  a s  
c o m p e t i t i o n  f o r  n u t r i e n t s ,  p r e d a t i o n  o r  p a r a s i t i s m  ( B a k e r , 1 9 6 8 ) .  
I n  a n t a g o n i s m  e x p e r i m e n t s  u s i n g  t e n  S t r e p t o m y c e s  s p p . ,  f i v e  o f  
w h i c h  p r o d u c e d  a n t i b i o t i c s ,  a g a i n s t  t w o  f u n g a l  p l a n t  p a t h o g e n s  
( R o t h r o c k  a n d  G o t t l i e b ,  1 9 8 1 ) ,  n o  r e l a t i o n s h i p  w a s  f o u n d  b e t w e e n  
a n t i b i o t i c  a c t i v i t y  i n  v i t r o  o r  a n t a g o n i s m  o n  a g a r  m e d i a  a n d  
r e d u c t i o n  i n  d i s e a s e  s e v e r i t y .  T h e y  c o n c l u d e d  t h a t  a n t i b i o t i c  
p r o d u c t i o n  a p p e a r s  t o  p l a y  n o  s i g n i f i c a n t  r o l e  i n  a n t a g o n i s m .  D u e  
t o  t h e  c o m m e r c i a l  i m p l i c a t i o n s  o f  t h i s  e f f e c t  t h e r e  h a v e  b e e n  
n u m e r o u s  r e p o r t s  c l a i m i n g  t h a t  p a r t i c u l a r  p a t h o g e n s  c a n  b e  
c o n t r o l l e d  b y  i n o c u l a t i o n  o f  s e l e c t e d  a n t a g o n i s t i c  m i c r o b e s  o n t o  
s e e d s ,  r o o t s  o r  i n t o  s o i l  ( s e e  W i l l i a m s  a n d  V i c k e r s ,  1 9 8 6 ) .  
I n t e r e s t i n g l y ,  t h e  a n t i b i o t i c  p y r r o l n i t r i n ,  p r o d u c e d  i n  v i t r o  b y  
P s e u d o m o n a s  f l u o r e s c e n s ,  h a s  b e e n  s h o w n  t o  b e  e f f e c t i v e  a g a i n s t  
R h i z o c t o n i a  s o l a n i  w h e n  a d d e d  t o  s o i l  o r  s e e d s ;  i t  p e r s i s t e d  i n
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s o i l  f o r  3 0  d a y s  a n d  i n c r e a s e d  c o t t o n  s e e d l i n g  s u r v i v a l  
s i g n i f i c a n t l y  ( H o w e l l  a n d  S t i p a n o v i c ,  1 9 7 9 ) .
D e s p i t e  t h e  d e v e l o p m e n t  o f  a s s a y s  t o  d e t e c t  a n t i b i o t i c s  d o w n  
t o  c o n c e n t r a t i o n s  o f  0 . 0 2 - 0 . 0 8  m i c r o g r a m  p e r  g r a m  s o i l  ( S o u l i d e s ,  
1 9 6 4 ;  W i t k a m p  a n d  S t a r k e y ,  1 9 7 3 ) ,  a n t i b i o t i c s  h a v e  n o t  b e e n  
d e t e c t e d  i n  n a t u r a l  s o i l .  T h e  i n s t a b i l i t y  o f  a n t i b i o t i c s  i n  s o i l  
h a s  b e e n  r e c o g n i s e d  f o r  m a n y  y e a r s .  T h i s  m a y  b e  d u e  t o  i n t r i n s i c  
c h e m i c a l  i n s t a b i l i t y ,  i n a c t i v a t i o n  d u e  t o  a d s o r p t i o n  t o  c l a y  a n d  
h u m u s  c o l l o i d s  o r  t o  b i o l o g i c a l  d e g r a d a t i o n .  B r i a n  ( 1 9 5 7 )  a r g u e d  
t h a t  t h e  f a i l u r e  t o  d e t e c t  a n t i b i o t i c s  i n  t h e  s o i l  m a s s  d i d  n o t  
p r e c l u d e  t h e i r  p o s s i b l e  r o l e  i n  s i t e s  o f  a c t i v i t y  w h i c h  w e r e  b o t h  
s p a t i a l l y  a n d  t e m p o r a l l y  r e s t r i c t e d .  T h u s ,  i f  a n t i b i o t i c s  a r e  
p r o d u c e d  b y  m i c r o o r g a n i s m s  i n  s o i l ,  t h e y  w o u l d  b e  f o r m e d  
i n f r e q u e n t l y  i n  i s o l a t e d  s i t e s  o f  g r o w t h .  T h i s  t o g e t h e r  w i t h  
t h e i r  i n s t a b i l i t y ,  w o u l d  e n s u r e  t h a t  c o n c e n t r a t i o n s  i n  t h e  s o i l  
m a s s  a t  a n y  o n e  t i m e  w e r e  e x t r e m e l y  l o w ,  w i t h o u t  n e c e s s a r i l y  
i m p a i r i n g  t h e i r  s i g n i f i c a n c e  i n  c o m p e t i t i v e  i n t e r a c t i o n s  a t  t h e  
m i c r o e n v i r o n m e n t  l e v e l .  T h e r e  i s  l i t t l e  d i r e c t  e v i d e n c e  i n  
s u p p o r t  o f  t h i s  t h e o r y ,  h o w e v e r  i t  s t i l l  c a r r i e s  m u c h  s u p p o r t  
( R a s o o l  a n d  W i m p e n n y ,  1 9 8 2 ;  W i l l i a m s  a n d  V i c k e r s ,  1 9 8 6 ) .
I n d i r e c t  e v i d e n c e  t h a t  s t r u c t u r e d  h a b i t a t s  m a y  o f f e r  t o x i n  
p r o d u c e r s  a  c o m p e t i t i v e  a d v a n t a g e  h a s  b e e n  p r e s e n t e d  b y  C h a o  a n d  
L e v i n  ( 1 9 8 1 ) .  I n  t h e i r  s t u d y  o f  c o l i c i n  p r o d u c t i o n  b y  m e m b e r s  o f  
t h e  E n t e r o b a c t e r i a c e a e ,  t h e y  d e t e r m i n e d  t h e  c o n d i t i o n s  u n d e r  
w h i c h  c o l i c i n o g e n i c  b a c t e r i a  w o u l d  b e  f a v o u r e d  b y  s t u d y i n g  
c o m p e t i t i o n  b e t w e e n  a  s e n s i t i v e  s t r a i n  a n d  a  c o l i c i n o g e n i c  
s t r a i n .  I n  l i q u i d  c u l t u r e  c o l i c i n o g e n i c  b a c t e r i a  w e r e  o n l y  a t  a n  
a d v a n t a g e  w h e n  f a i r l y  c o m m o n .  H o w e v e r ,  i n  t h e  s t r u c t u r e d  h a b i t a t  
o f  a  s o f t  a g a r  m a t r i x  t h e  c o l i c i n o g e n i c  b a c t e r i a  h a v e  a n  
a d v a n t a g e  e v e n  w h e n  i n i t i a l l y  r a r e .  T h e s e  c o n t r a s t i n g  o u t c o m e s  
a r e  a t t r i b u t e d  t o  t h e  c o l i c i n o g e n i c  b a c t e r i a 1 s  l o w e r  i n t r i n s i c  
g r o w t h  r a t e  r e l a t i v e  t o  t h e  s e n s i t i v e  b a c t e r i a  a n d  t h e  d i f f e r e n t  
m a n n e r  i n  w h i c h  b a c t e r i a  a n d  r e s o u r c e s  a r e  p a r t i t i o n e d  i n  t h e  t w o  
t y p e s  o f  h a b i t a t .  B a c t e r i a  i n  l i q u i d  c u l t u r e  e x i s t  a s  r a n d o m l y  
d i s t r i b u t e d  i n d i v i d u a l s  a n d  t h e  k i l l i n g  o f  s e n s i t i v e  b a c t e r i a  b y
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c o l i c i n  a u g m e n t s  t h e  a m o u n t  o f  r e s o u r c e  a v a i l a b l e  t o  t h e  
c o l i c i n o g e n i c  b a c t e r i a  t o  a n  e x t e n t  i d e n t i c a l  t o  t h a t  e x p e r i e n c e d  
b y  t h e  s u r v i v i n g  s e n s i t i v e  b a c t e r i a .  O n  t h e  o t h e r  h a n d ,  t h e  
b a c t e r i a  i n  a  s o f t  a g a r  m a t r i x  e x i s t  a s  s i n g l e  c l o n e  c o l o n i e s ,  
t h e y  k i l l  n e i g h b o u r i n g  s e n s i t i v e  b a c t e r i a  a n d  f o r m  a n  i n h i b i t i o n  
z o n e  a r o u n d  t h e m s e l v e s .  B y  t h i s  a c t i o n ,  t h e y  i n c r e a s e  t h e  
c o n c e n t r a t i o n  o f  r e s o u r c e s  a r o u n d  t h e m s e l v e s  a n d  o v e r c o m e  t h e i r  
g r o w t h  d i s a d v a n t a g e .
U s i n g  a f l a t o x i n  p r o d u c t i o n  a s  a  m o d e l  f o r  e x t r a p o l a t i o n  t o  a  
g e n e r a l  t h e o r y  o f  t h e  e v o l u t i o n a r y  a n d  e c o l o g i c a l  i m p l i c a t i o n s  o f  
t o x i c  m i c r o b i a l  s e c o n d a r y  m e t a b o l i t e s ,  L i l l e h o j  ( 1 9 8 2 )  p r o p o s e d  
t h a t  p r o d u c t i o n  o f  t o x i n s  p r o v i d e s  a  s e l e c t i v e  a d v a n t a g e  o n l y  
d u r i n g  p e r i o d s  o f  e c o l o g i c a l  d i s e q u i l i b r i u m .  D u r i n g  p e r i o d s  o f  
g r e a t e r  s y m b i o s i s  b e t w e e n  i n t e r a c t i n g  s p e c i e s  t h a t  a r e  a s s o c i a t e d  
w i t h  s t a b l e  e c o s y s t e m s ,  t o x i n  p r o d u c t i o n  i s  n o t  a d v a n t a g e o u s .  
T h i s  t h e o r y  p r e d i c t s  i n c r e a s e d  a g g r e s s i v e n e s s  i n  t h e  
a g r o e n v i r o n m e n t  b i o t a  w i t h  i n t e n s i v e  c r o p p i n g  a c t i v i t y .  T h i s  
c o u l d  e x p l a i n  t h e  o b s e r v a t i o n  t h a t  i n  h e a v i l y  c u l t i v a t e d / f e r t i l e  
s o i l s  a  g r e a t e r  p r o p o r t i o n  o f  t h e  p o p u l a t i o n  t e n d  t o  b e  
a n t i b i o t i c  p r o d u c e r s  ( G o t t l i e b ,  1 9 7 9 ) .
T h e  m a i n  a r g u m e n t  a g a i n s t  t h e  ' d e f e n c e  t h e o r y ’ o f  
a n t i b i o t i c s  i s  t h a t  m a n y  a n t i b i o t i c - p r o d u c i n g  o r g a n i s m s  a r e  j u s t  
a s  s e n s i t i v e  t o  t h e i r  o w n  a n t i b i o t i c s  a s  t h e i r  c o m p e t i t o r s  
( Z a h n e r ,  1 9 7 9 ) .  M i c r o o r g a n i s m s  d o  s y n t h e s i z e  a n t i b i o t i c s  t o  w h i c h  
t h e y  a r e  s e n s i t i v e  b u t ,  b e i n g  s e c o n d a r y  m e t a b o l i t e s ,  t h e y  a r e  
g e n e r a l l y  p r o d u c e d  a f t e r  h a v i n g  p a s s e d  t h r o u g h  p a r t ,  o r  a l l ,  o f  
t h e i r  g r o w t h  p h a s e .  T h e  e x a m p l e  o f  c o l i c i n  p r o d u c t i o n  a b o v e  
d e m o n s t r a t e s  t h a t  s u c h  a n  a l t r u i s t i c  t r a i t  c a n  b e  a d v a n t a g e o u s  i n  
h e t e r o g e n o u s  e n v i r o n m e n t s .  I n  p r o l o n g e d  a n t i b i o t i c  f e r m e n t a t i o n s  
t h e  s y n t h e s i z i n g  o r g a n i s m  d e v e l o p s  r e s i s t a n c e  d u r i n g  p r o d u c t i o n  
i n  t h e  s a m e  w a y  t o  t h a t  o f  c l i n i c a l l y  r e s i s t a n t  b a c t e r i a .  
A n t i b i o t i c  r e s i s t a n c e  a m o n g s t  n a t u r a l  i s o l a t e s  m a y  t h e r e f o r e  b e  
t a k e n  a s  a n  i n d i c a t i o n  o f  a n t i b i o t i c  p r o d u c t i v i t y  ( H o t t a  e t  a l . ,  
1 9 8 3 ) .
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T h e  n a t u r a l  s i g n i f i c a n c e  o f  a n t i b i o t i c s  i s  n o t  n e c e s s a r i l y  
c o n f i n e d  t o  c o m p e t i t i v e  i n t e r a c t i o n s ,  a s  t h e r e  i s  a l s o  e v i d e n c e  
t h a t  t h e y  m a y  p l a y  a  p a r t  i n  c e l l u l a r  d i f f e r e n t i a t i o n ,  f o r  
e x a m p l e ,  t h e  t r a n s i t i o n  o f  v e g e t a t i v e  c e l l s  t o  s p o r e s  a n d  v i c e  
v e r s a  ( H o d g s o n ,  1 9 7 0 ;  S a d o f f ,  1 9 7 2 ) .  M a n y  a n t i b i o t i c s  a r e  
p r o d u c e d  b y  s p o r e - f o r m i n g  m i c r o o r g a n i s m s  ( e g .  f u n g i ,  
a c t i n o m y c e t e s  a n d  m e m b e r s  o f  t h e  g e n u s  B a c i l l u s ) .
T h i s  p r o p o s e d  f u n c t i o n  i s  p o p u l a r  b e c a u s e  m a n y  o b s e r v a t i o n s  
a m o n g s t  p r o d u c e r s  o f  p e p t i d e  a n t i b i o t i c s  i n d i c a t e  a n  i n t i m a t e  
r e l a t i o n s h i p  b e t w e e n  a n t i b i o t i c  f o r m a t i o n  a n d  s p o r u l a t i o n .  F o r  
e x a m p l e ,  b o t h  p r o c e s s e s  a r e  i n h i b i t e d  b y  h i g h  g l u c o s e  
c o n c e n t r a t i o n s  a n d  h a v e  r e q u i r e m e n t s  f o r  h i g h  c o n c e n t r a t i o n s  o f  
m a n g a n e s e  ( D e m a i n ,  1 9 7 4 ) .  A l s o ,  i n h i b i t o r s  o f  s p o r u l a t i o n  s u c h  a s  
e t h y l m a l o n a t e ,  o 4 - p i c o l i n i c  a c i d  a n d  f  l u o r o a c e t a t e  i n h i b i t  
a n t i b i o t i c  f o r m a t i o n  ( S a r k a r  a n d  P a u l u s ,  1 9 7 2 ) .  T h e  t e m p o r a l  
r e l a t i o n s h i p  b e t w e e n  t h e  t w o  p r o c e s s e s ,  h o w e v e r ,  d o e s  n o t  p r o v e  
t h a t  a n t i b i o t i c  p r o d u c t i o n  i s  n e c e s s a r y  f o r  s p o r u l a t i o n  a n d  t h e  
e x i s t a n c e  o f  m u t a n t s  o f  a c t i n o m y c e t e s ,  f u n g i  a n d  b a c t e r i a  t h a t  
a r e  a n t i b i o t i c  n e g a t i v e  b u t  c a n  s t i l l  s p o r u l a t e  ( D e m a i n  a n d  
P i r e t ,  1 9 7 9 )  i s  a  m a j o r  f l a w  i n  t h i s  h y p o t h e s i s .  H o w e v e r ,  s o m e  
k i n d  o f  c o o r d i n a t e d  c o n t r o l  b e t w e e n  t h e  t w o  p r o c e s s e s  c o u l d  o f f e r  
s e v e r a l  a d v a n t a g e s  ( D e m a i n ,  1 9 8 4 ) .  F o r  e x a m p l e ,  t h e  a n t i b i o t i c  
c o u l d  b e  p a c k a g e d  i n  t h e  s p o r e  a n d  e x c r e t e d  d u r i n g  g e r m i n a t i o n  t o  
i n h i b i t  o r  k i l l  c o m p e t i t o r s  o r  i t  c o u l d  i n h i b i t  g e r m i n a t i o n  u n t i l  
e n v i r o n m e n t a l  c o n d i t i o n s  b e c o m e  m o r e  f a v o u r a b l e  f o r  g r o w t h .
S e v e r a l  o b s e r v a t i o n s  s u g g e s t  t h a t  c e r t a i n  a n t i b i o t i c s  
p r o b a b l y  h a v e  a  r o l e  i n  t h e  t i m i n g  o f  g e r m i n a t i o n  a n d  t h e  
s u r v i v a l  o f  d o r m a n t  a n d  g e r m i n a t i n g  s p o r e s .  C e r t a i n  a n t i b i o t i c s  
i n  b a c i l l i  a n d  a c t i n o m y c e t e s  a r e  i n d e e d  f o u n d  i n  s p o r e s .  B o t h  t h e  
a n t i b i o t i c  i n  S t r e p t o m y c e s  v i r i d o c h r o m o g e n e s  a n d  g r a m i c i d i n  S  i n  
B a c i l l u s  b r e v i s  i n h i b i t  g e r m i n a t i o n  o r  s p o r e  o u t g r o w t h  u n d e r  
c o n d i t i o n s  o f  o v e r c r o w d i n g  ( H i r s c h  a n d  E n s i g n ,  1 9 7 8 ;  N a n d i  a n d  
S e d d o n ,  1 9 7 8 ;  L a z a r i d i s  e t  a l . ,  1 9 8 0 ;  P i r e t  a n d  D e m a i n ,  1 9 8 1 ) .
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G e r m i n a t e d  s p o r e s  w h i c h  f a i l  t o  e m e r g e  d u e  t o  g r a m i c i d i n  S  
i n h i b i t i o n  a r e  r e n d e r e d  n o n - v i a b l e  b y  t h e  a n t i b i o t i c  w h i l s t  n e w l y  
e m e r g e d  v e g e t a t i v e  c e l l s  a r e  c o m p l e t e l y  i n s e n s i t i v e  t o  t h e  
a n t i b i o t i c  ( M u r r a y  e t  a l . ,  1 9 8 5 ) .  T h i s  w o u l d  p r e v e n t  u n d u e  
c o m p e t i t i o n  f o r  n u t r i e n t s  w h i c h  u n d e r  c o n d i t i o n s  o f  o v e r c r o w d i n g  
w o u l d  l e a d  t o  t h e  r a p i d  e x h a u s t i o n  o f  l i m i t e d  n u t r i e n t s  i n  t h e  
e n v i r o n m e n t  b e f o r e  t h e  l i f e  c y c l e  a n d  s p o r e  f o r m a t i o n  c o u l d  b e  
c o m p l e t e d .  S u c h  r o l e s  e m p h a s i z e  t h e  s e l e c t i v e  a d v a n t a g e  a  s p o r e -  
f o r m e r  w o u l d  h a v e  i n  p r o d u c i n g  a n  a n t i b i o t i c  i n  n a t u r e ,  w i t h o u t  
i n v o k i n g  a n  o b l i g a t o r y  f u n c t i o n  f o r  t h e  a n t i b i o t i c  i n  
s p o r u l a t i o n .
N o t  a l l  a n t i b i o t i c s  a r e  p r o d u c e d  b y  s p o r e - f o r m e r s .  T h a t  
s e c o n d a r y  m e t a b o l i s m  m a y  b e  c o n n e c t e d  w i t h  o t h e r  a s p e c t s  o f  
d i f f e r e n t i a t i o n  h a s  b e e n  d i s c u s s e d  b y  s e v e r a l  a u t h o r s  ( e g .  
L u c k n e r  a n d  N o v e r ,  1 9 7 6 ;  B e r r y ,  1 9 7 5 ;  B u ’ l o c k ,  1 9 7 5 ) .  T h e  
d i f f e r e n t i a t i o n  p r o c e s s  m a y  n o t  n e c e s s a r i l y  b e  r e c o g n i s a b l e  
m o r p h o l o g i c a l l y ,  b u t  m a y  b e  a  f o r m  o f  p h y s i o l o g i c a l  a d a p t i o n .  
A c c o r d i n g  t o  C a l a m  ( 1 9 7 9 )  s e c o n d a r y  m e t a b o l i s m  i s  p a r t  o f  t h e  
n o r m a l  m a t u r a t i o n  p r o c e s s .
D e v e l o p m e n t  o f  S e c o n d a r y  M e t a b o l i s m
T h e  d e v e l o p m e n t  o f  s e c o n d a r y  m e t a b o l i s m ,  n o t  i t s  
s i g n i f i c a n c e  f o r  t h e  p h y s i o l o g y  o f  t h e  o r g a n i s m s  w h i c h  m a i n t a i n  
i t ,  m a y  b e  o f  i m p o r t a n c e .  S e c o n d a r y  m e t a b o l i s m  m a y  b e  v i e w e d  a s  
a  ’ g a m e s  r o o m ’ f o r  t h e  e v o l u t i o n  o f  f u r t h e r  b i o c h e m i c a l  
d e v e l o p m e n t  ( Z a h n e r ,  1 9 7 9 ) .  S o  l o n g  a s  a  n e w  c o m p o u n d  r e p r e s e n t s  
n o  d i s a d v a n t a g e  a t  a n y  o f  t h e  o t h e r  l e v e l s  o f  t h e  c e l l ’ s  
m e t a b o l i s m  t h e n  i t  c a n  b e  c o n s e r v e d  o v e r  a  r e l a t i v e l y  l o n g  p e r i o d  
o f  t i m e .  E v e n t u a l l y  i t  m a y  b e  e l i m i n a t e d ,  b u t  i f  t h e  n e w  c o m p o u n d  
c o n f e r s  a  s e l e c t i v e  a d v a n t a g e  i t  m a y  b e  p r o t e c t e d  f r o m  
e l i m i n a t i o n .  T h i s  w o u l d  a l l o w  t h e  d e v e l o p m e n t  o f  n e w  c o m p o u n d s  
w i t h o u t  t h e  n e e d  f o r  a  c o m p o u n d  t o  o r i g i n a t e  d e  n o v o  a n d  w i t h o u t  
f a t a l  c o n s e q u e n c e s  t o  t h e  p r o d u c i n g  s p e c i e s  w h e n  n o n - b e n e f i c i a l  
c o m p o u n d s  a r e  p r o d u c e d .
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Other Functions of Antibiotics
S e v e r a l  p r o p o s e d  f u n c t i o n s  f o r  a n t i b i o t i c s  t h a t  a r e  n o  
l o n g e r  a c c e p t e d  ( D e m a i n ,  1 9 8 4 )  i n c l u d e  a n t i b i o t i c s  a s  
e v o l u t i o n a r y  r e l i c s ,  w a s t e  p r o d u c t s  o f  c e l l u l a r  m e t a b o l i s m ,  
r e s e r v e  f o o d  m a t e r i a l s ,  s p o r e  c o a t  c o m p o n e n t s ,  o r  b r e a k d o w n  
p r o d u c t s  o f  c e l l u l a r  m a c r o m o l e c u l e s .  O t h e r  c l a s s i c a l  h y p o t h e s i s  
t h a t  l a c k  s u p p o r t  a r e ;  ( 1 )  s e c o n d a r y  m e t a b o l i s m  s e r v e s  t o  
m a i n t a i n  t h e  e n z y m i c  m a c h i n e r y  o f  t h e  c e l l  i n  w o r k i n g  o r d e r  u n t i l  
c o n d i t i o n s  f a v o u r a b l e  f o r  g r o w t h  a r e  f o u n d  a n d  ( 2 )  a n t i b i o t i c s  
a r e  d e t o x i f i c a t i o n  p r o d u c t s .
S o m e  s k e p t i c s  b e l i e v e  t h a t  a n t i b i o t i c  p r o d u c t i o n  i s  o f  n o  
i m p o r t a n c e  t o  t h e  p r o d u c i n g  o r g a n i s m .  H o w e v e r ,  i t  s e e m s  m o s t  
u n l i k e l y  t h a t  t h e  m u l t i - e n z y m e  r e a c t i o n  s e q u e n c e s  o f  a n t i b i o t i c  
p r o d u c t i o n  a n d  t h e  l a r g e  c o m p l e m e n t  o f  c h r o m o s o m a l  a n d  
e x t r a c h r o m o s o m a l  D N A  d e d i c a t e d  t o  t h e i r  g e n e t i c  d e t e n n i n a t i o n  
w o u l d  h a v e  b e e n  r e t a i n e d  i n  n a t u r e  w i t h o u t  s o m e  b e n e f i c i a l  
e f f e c t s  t o  t h e  p r o d u c i n g  o r g a n i s m  ( H o p w o o d ,  1 9 8 1 ) .  A l s o ,  i t  i s  
d i f f i c u l t  t o  b e l i e v e  t h a t  t h i s  m a s s i v e  a r r a y  o f  h i g h l y  a c t i v e  
c o m p o u n d s  h a v e  a r i s e n  i n c i d e n t a l l y .
T h o u g h  n o t  a l l  a n t i b i o t i c s  m a y  h a v e  t h e  s a m e  f u n c t i o n  i t  i s  
h i g h l y  p r o b a b l e  t h a t  a l l  a n t i b i o t i c s  h a v e  s o m e  f u n c t i o n a l  r o l e  i n  
t h e  p r o d u c i n g  o r g a n i s m .  W h a t e v e r  t h e  p r e c i s e  f u n c t i o n  o f  
a n t i b i o t i c s ,  a l l  o f  t h e  p r o p o s e d  f u n c t i o n s  i n d i c a t e  i n v o l v e m e n t  
i n  t h e  s u r v i v a l  o f  t h e  p r o d u c i n g  o r g a n i s m .  R a t h e r  t h a n  a t t e m p t i n g  
t o  f o r m u l a t e  a  p r o p o s a l  t o  e x p l a i n  t h e  f u n c t i o n  o f  a l l  
a n t i b i o t i c s  ( o r  s e c o n d a r y  m e t a b o l i t e s ) ,  D e m a i n  ( 1 9 7 4 )  s u g g e s t s  
t h a t  i t  w o u l d  b e  b e t t e r  t o  e l u c i d a t e  t h e  f u n c t i o n  o f  e a c h  
i n d i v i d u a l  a n t i b i o t i c  i n  t h e  p r o d u c i n g  o r g a n i s m .
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S e c o n d a r y  m e t a b o l i t e s  a r e  n o t  e s s e n t i a l  f o r  g r o w t h  o f  t h e  
p r o d u c i n g  o r g a n i s m  a n d  a r e  u s u a l l y  p r o d u c e d  a f t e r  m o s t  o f  t h e  
c e l l u l a r  g r o w t h  h a s  o c c u r e d  ( I w a i ,  O m u r a  a n d  H a t a ,  1 9 7 1 ) .  I n d e e d ,  
m a n y  m i c r o o r g a n i s m s  a p p e a r  t o  b e  p r o g r a m m e d  t o  p r o d u c e  
a n t i b i o t i c s  o n l y  w h e n  t h e  s p e c i f i c  g r o w t h  r a t e  d e c r e a s e s  b e l o w  a  
c e r t a i n  l e v e l  ( B u ' l o c k ,  1 9 7 4 ) .  T h i s  p h e n o m e n o n  p r o b a b l y  e v o l v e d  
i n  n a t u r e  i n  r e s p o n s e  t o  c o m p e t i t i v e  p r e s s u r e s  a n d  d u e  t o  t h e  
f a c t  t h a t  d u r i n g  g r o w t h  t h e s e  o r g a n i s m s  m a y  b e  s e n s i t i v e  t o  t h e  
a n t i b i o t i c s  t h e y  p r o d u c e .
F r o m  t h e  v i e w p o i n t  o f  t h e  m i c r o b i a l  c e l l ,  b o t h  p r i m a r y  a n d  
s e c o n d a r y  m e t a b o l i s m  m u s t  b e  i n t e g r a t e d  i n t o  a n  o v e r a l l  p r o c e s s  
w h i c h  c o n f e r s  a  s e l e c t i v e  a d v a n t a g e  f o r  t h e  p r o d u c i n g  o r g a n i s m .  
R e g u l a t i o n  i s  a n  e s s e n t i a l  c o n d i t i o n  o f  l i f e  f o r  r a p i d  a d a p t i o n  
t o  e n v i r o n m e n t a l  c h a n g e .  S p e c i f i c  a n t i b i o t i c  s y n t h e t a s e s  
r e s p o n s i b l e  f o r  t h e  p r o d u c t i o n  o f  s e c o n d a r y  m e t a b o l i t e s  a p p e a r  
l a t e  i n  t h e  c e l l  c y c l e .  S u c h  c o n t r o l  o f  g e n e  e x p r e s s i o n  m i g h t  
o c c u r  b y  i n t e r f e r e n c e  w i t h  t r a n s c r i p t i o n  o r  t r a n s l a t i o n .  S e v e r a l  
m e c h a n i s m s  a p p e a r  t o  b e  i n v o l v e d :
I n  o n e  m o d e l ,  a n  i n d u c e r  o r  a c t i v a t o r  m u s t  b e  s y n t h e s i z e d  b y  
t h e  p r o d u c i n g  c u l t u r e  o r  a d d e d  t o  i t  i n  o r d e r  t o  i n i t i a t e  
b i o s y n t h e s i s  ( e g .  A  f a c t o r  i n  s t r e p t o m y c i n  b i o s y n t h e s i s ) .  I n  a  
s e c o n d  r e g u l a t o r y  m o d e l ,  a  s m a l l  m o l e c u l e  a c t s  a s  a  r e p r e s s o r  o r  
i n h i b i t o r ,  r e p r e s s i n g  t h e  f o r m a t i o n  o r  i n h i b i t i n g  t h e  a c t i o n  o f  
a n t i b i o t i c  s y n t h a s e s .  T h i s  m u s t  b e  d e p l e t e d  o r  n e u t r a l i z e d  b e f o r e  
a n t i b i o t i c  b i o s y n t h e s i s  c a n  o c c u r .  T h i s  m o d e l  f i t s  s o m e  
e x p e r i m e n t a l  d a t a  o n  c a r b o n  c a t a b o l i t e  r e p r e s s i o n ,  n i t r o g e n  
m e t a b o l i t e  r e p r e s s i o n  a n d  p h o s p h a t e  c o n t r o l .  O n c e  a n t i b i o t i c  
s y n t h e s i s  i s  i n i t i a t e d ,  f e e d b a c k  r e g u l a t i o n  b y  p r i m a r y  
m e t a b o l i t e s  m a y  o p e r a t e  ( e g .  v a l i n e  i n h i b i t i o n  o f  p e n i c i l l i n )  o r  
t h e  s e c o n d a r y  m e t a b o l i t e  m a y  i n h i b i t  i t s  o w n  b i o s y n t h e s i s  ( e n d - * 
p r o d u c t  i n h i b i t i o n ) .
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I t  i s  u s e f u l  t o  h a v e  a n  u n d e r s t a n d i n g  o f  t h e  f a c t o r s  
a f f e c t i n g  t h e  s w i t c h i n g  o n  a n d  o f f  o f  a n t i b i o t i c  p r o d u c t i o n  s o  
t h a t  c u l t u r e  m e d i a  f o r  s c r e e n i n g  c a n  b e  d e s i g n e d  i n  o r d e r  t o  
o p t i m i s e  e x p r e s s i o n .
C a r b o n  C a t a b o l i t e  R e p r e s s i o n
C a r b o n  c a t a b o l i t e  r e p r e s s i o n  a f f e c t s  t h e  f o r m a t i o n  o f  
s p e c i f i c  e n z y m e s  i n v o l v e d  i n  t h e  b i o s y n t h e s i s  o f  s e c o n d a r y  
m e t a b o l i t e s .  R e a d i l y  u t i l i s a b l e  c a r b o n  s o u r c e s  s u c h  a s  g l u c o s e  
a n d  c i t r a t e  i n t e r f e r e  w i t h  t h e  s y n t h e s i s  o f  m a n y  a n t i b i o t i c s  ( H u  
a n d  D e m a i n ,  1 9 7 9 ) .  P o l y s a c c h a r i d e s  o r  o l i g o s a c c h a r i d e s  a r e  o f t e n  
f o u n d  t o  b e  b e t t e r  c a r b o n  s o u r c e s  f o r  a n t i b i o t i c  p r o d u c t i o n .  I n  a  
m e d i u m  c o n t a i n i n g  s e v e r a l  c a r b o n  s o u r c e s ,  t h e  m o s t  r e a d i l y  
u t i l i s a b l e  o n e  i s  u s e d  f i r s t  f o r  g r o w t h  a n d  o n c e  t h i s  i s  d e p l e t e d  
t h e  s e c o n d  c a r b o n  s o u r c e  m a y  t h e n  b e  u s e d  f o r  a n t i b i o t i c  
b i o s y n t h e s i s .
C a r b o n  c a t a b o l i t e  r e g u l a t i o n  c a n  b e  a v o i d e d  b y  a d d i n g  t h e  
c a r b o n  s o u r c e  p e r i o d i c a l l y  o r  g r a d u a l l y ,  b u t  t h i s  i s  d i f f i c u l t  t o  
a p p l y  t o  s c r e e n i n g .  I n s t e a d ,  i t  i s  c o m m o n  t o  a v o i d  t h e  i n h i b i t i o n  
o f  p r o d u c t i o n  b y  c h a n g i n g  t h e  c a r b o n  s o u r c e  i n  t h e  p r o d u c t i o n  
m e d i u m  ( I w a i  a n d  O m u r a ,  1 9 8 2 ) .
I n  p r i m a r y  m e t a b o l i s m  i n  e n t e r i c  b a c t e r i a ,  c a r b o n  c a t a b o l i t e  
r e p r e s s i o n  o f  i n d u c i b l e  e n z y m e s  i s  d u e  t o  a  d r o p  i n  l e v e l s  o f  
c A M P  a n d  c o n s e q u e n t l y  t o  a  d i m i n i s h e d  e x p r e s s i o n  o f  g e n e s ,  w h o s e  
p r o m o t i o n  i s  s e n s i t i v e  t o  t h e  C A P  p r o t e i n .  I t  i s  n o t  k n o w n  
w h e t h e r  c A M P  i s  i n v o l v e d  i n  c a r b o n  c a t a b o l i t e  r e g u l a t i o n  o f  
a n t i b i o i c  b i o s y n t h e s i s .  A l t h o u g h  a  d r o p  i n  c e l l u l a r  c A M P  i s  
o b s e r v e d  i n  m a n y  o r g a n i s m s  b e f o r e  t h e  o n s e t  o f  a n t i b i o t i c  
p r o d u c t i o n ,  t h e  f a c t  t h a t  a  h i g h  c A M P  l e v e l  f a i l s  t o  r e l i e v e  
r e p r e s s i o n  o f  a n t i b i o t i c  p r o d u c t i o n  i n d i c a t e s  t h a t  c A M P  d o e s  n o t  
p l a y  a  r o l e  i n  t h e  t e r m i n a t i o n  o f  a n t i b i o t i c  b i o s y n t h e s i s .  I n  
o r g a n i s m s  w h e r e  a d d e d  c A M P  h a s  b e e n  r e p o r t e d  t o  s t i m u l a t e  g r o w t h  
a n d  i n t e r f e r e  w i t h  a n t i b i o t i c  f o r m a t i o n  i t  i s  p o s s i b l e  t h a t  
p h o s p h a t e  r e g u l a t i o n  m i g h t  b e  r e s p o n s i b l e .
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S i n c e  m a n y  a n t i b i o t i c s  a r e  f o r m e d  f r o m  a m i n o  a c i d  
p r e c u r s o r s ,  t h e i r  p r o d u c t i o n  i s  e x p e c t e d  t o  b e  i n f l u e n c e d  b y  
r e g u l a t o r y  p r o c e s s e s  t h a t  c o n t r o l  n i t r o g e n  m e t a b o l i s m .  M a n y  
o b s e r v a t i o n s  s u g g e s t  t h a t  h i g h  l e v e l s  o f  a m m o n i u m  i o n s  o r  c e r t a i n  
a m i n o  a c i d s  r e p r e s s  a n t i b i o t i c  b i o s y n t h e s i s  ( D e m a i n ,  1 9 8 0 ) .  T h i s  
e f f e c t  e x p r e s s e s  i t s e l f  e a r l y  o n  i n  t h e  g r o w t h  p h a s e  a s  
i n h i b i t i o n  o f  a n t i b i o t i c  p r o d u c t i o n  d o e s  n o t  o c c u r  w h e n  a m m o n i u m  
i o n s  a r e  a d d e d  a f t e r  t h e  o n s e t  o f  a n t i b i o t i c  f o r m a t i o n .  T h i s  
i m p l i e s  t h a t  i n h i b i t i o n  o f  a n t i b i o t i c  s y n t h e s i s  b y  a m m o n i u m  i o n s  
i s  n o t  d u e  t o  t h e  i n h i b i t i o n  o f  t h e  a c t i v i t y  o f  a n t i b i o t i c  
s y n t h e t a s e s .  R a t h e r ,  a n  e a r l i e r  p r o c e s s  i s  a f f e c t e d ,  i n v o l v i n g  
e i t h e r  t h e  b i o s y n t h e s i s  o f  a n t i b i o t i c  s y n t h e t a s e s  o r  o t h e r  
m e t a b o l i c  s t e p s  r e q u i r e d  t o  e n h a n c e  p r o d u c t i o n  ( A h a r o n o w i c z  a n d  
D e m a i n ,  1 9 7 9 ) .  C o n t r o l  m e c h a n i s m s  o p e r a t i n g  a t  t h e  l e v e l  o f  
p r i m a r y  m e t a b o l i s m  m a y  a l s o  d e t e r m i n e  t h e  e f f i c i e n c y  o f  t h e  
b i o s y n t h e t i c  m a c h i n e r y  m a i n l y  b y  a f f e c t i n g  t h e  a v a i l a b i l i t y  o f  
p r e c u r s o r s  r e q u i r e d  f o r  t h e  b i o s y n t h e s i s  o f  a n t i b i o t i c s  ( T y l e r ,  
1 9 7 8 ) .
T h e  i n h i b i t i o n  o f  p r o d u c t i o n  b y  a  n i t r o g e n  s o u r c e  c a n  
u s u a l l y  b e  a v o i d e d  b y  u s i n g  a  l e s s  r a p i d l y  u t i l i s e d  n i t r o g e n  
s o u r c e  a n d  b y  c a r e f u l l y  f i x i n g  t h e  C : N  r a t i o  i n  t h e  m e d i u m .  
H u t t e r  ( 1 9 8 2 )  r e c o m m e n d s  a  C : N  r a t i o  o f  1 0  o r  h i g h e r .
I t  i s  n o t e w o r t h y  t h a t  w h e n  a  c o m p o u n d  s u c h  a s  a n  a m i n o  a c i d  
m a y  b e  u s e d  a s  b o t h  a  c a r b o n  a n d  n i t r o g e n  s o u r c e ,  t h e  e n z y m e s  
i n v o l v e d  i n  i t s  m e t a b o l i s m  m a y  b e  s u b j e c t  t o  b o t h  c a r b o n  a n d  
n i t r o g e n  r e g u l a t i o n .  B o t h  r e g u l a t o r y  e f f e c t s  m a y  h a v e  d i r e c t  
c o n s e q u e n c e s  o n  a n t i b i o t i c  b i o s y n t h e s i s .  H o w e v e r ,  t h e r e  i s  l i t t l e  
a v a i l a b l e  i n f o r m a t i o n  o n  t h i s  p h e n o m e n o n .
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Phosphate Regulation
P h o s p h a t e  i s  t h e  c r u c i a l  g r o w t h - l i m i t i n g  n u t r i e n t  i n  m a n y  
a n t i b i o t i c  f e r m e n t a t i o n s .  C u l t u r e  p h o s p h a t e  c o n c e n t r a t i o n s  w h i c h  
a r e  o p t i m a l  f o r  g r o w t h  s u p p r e s s  a n t i b i o t i c  p r o d u c t i o n  ( W e i n b e r g ,  
1 9 7 3 ) .  D e p l e t i o n  o f  i n t r a c e l l u l a r  p h o s p h a t e  s i g n a l s  t h e  o n s e t  o f  
a n t i b i o t i c  f o r m a t i o n  i n  b o t h  a c t i n o m y c e t e s  a n d  f u n g i .  A n t i b i o t i c s  
b e l o n g i n g  t o  m a n y  d i v e r s e  b i o s y n t h e t i c  g r o u p s  s u c h  a s  p e p t i d e s ,  
p o l y e n e  m a c r o l i d e s ,  t e t r a c y c l i n e s ,  a n d  o t h e r  b i o s y n t h e t i c a l l y  
c o m p l e x  c o m p o u n d s  a r e  a f f e c t e d  a n d  m a n y  c o n t r o l  m e c h a n i s m s  m a y  
e x i s t .  H o w e v e r ,  t h e  d i f f e r e n t  b i o s y n t h e t i c  p a t h w a y s  c o u l d  b e  
c o n t r o l l e d  b y  a  c o m m o n  r e g u l a t o r y  e f f e c t o r  ( M a r t i n ,  1 9 7 6 ) .  
W h e t h e r  i n t r a c e l l u l a r  o r t h o p h o s p h a t e  i s  t h e  u l t i m a t e  e f f e c t o r  o r  
w h e t h e r  i t  m e r e l y  r e g u l a t e s  t h e  l e v e l  o f  s o m e  o t h e r  e f f e c t o r  i s  
n o t  k n o w n .
T h e  r a t e  o f  p h o s p h a t e  f l u x  i n t o  E s c h e r i c h i a  c o l i  c e l l s  h a s  
b e e n  s h o w n  t o  d i r e c t l y  i n f l u e n c e  e n e r g y  c h a r g e .  A  h i g h  f l u x  
i n c r e a s e s  A T P  f o r m a t i o n  a n d  s o  r a i s e s  t h e  c h a r g e  l e v e l .  I t  h a s  
b e e n  p r o p o s e d  ( M a r t i n  e t  a l . ,  1 9 7 8 )  t h a t  e n e r g y  c h a r g e  ( E ) ,  w h i c h  
d e p e n d s  o n  t h e  c o n c e n t r a t i o n  o f  a d e n o s i n e  m o n o - ,  d i - a n d  t r i ­
p h o s p h a t e  i n  t h e  c e l l s ,  m a y  c o n t r o l  a n t i b i o t i c  s y n t h e s i s ,  w h e r e
E  =  [ A T P ]  +  1 / 2  [ A D P ]
[ A T P ]  +  [ A D P ]  +  [ A M P ]
I n h i b i t i o n  o f  a n t i b i o t i c  b i o s y n t h e s i s  c a n  b e  o b s e r v e d  w i t h i n  
2 0  m i n u t e s  f o l l o w i n g  p h o s p h a t e  a d d i t i o n .  P h o s p h a t e  r e g u l a t i o n ,  
l i k e  o t h e r  r e g u l a t o r y  m e c h a n i s m s ,  m a y  a c t  a t  t w o  l e v e l s :  F i r s t l y ,  
b y  r a p i d l y  i n h i b i t i n g  t h e  a c t i v i t y  o f  a n t i b i o t i c  s y n t h a s e s  a n d  
s e c o n d l y ,  b y  r e p r e s s i n g  f o r m a t i o n  o f  a n t i b i o t i c  s y n t h a s e s .  I t  i s  
w e l l  k n o w n  t h a t  p h o s p h a t e  b o t h  i n h i b i t s  a n d  r e p r e s s e s  
p h o s p h a t a s e s  i n v o l v e d  i n  t h e  d e p h o s p h o r y l a t i o n  o f  a n t i b i o t i c  
i n t e r m e d i a t e s  i n  a m i n o g l y c o s i d e  b i o s y n t h e s i s .
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D u e  t o  t h e  k e y  p o s i t i o n  p h o s p h a t e  h o l d s  i n  t h e  c o n t r o l  o f  
D N A ,  R N A ,  a n d  p r o t e i n  s y n t h e s i s ,  c a r b o h y d r a t e  m e t a b o l i s m ,  
c e l l u l a r  r e s p i r a t i o n ,  i n  a d d i t i o n  t o  t h e  c o n t r o l  o f  A T P  l e v e l s ,  
p h o s p h a t e  m a y  a l s o  a f f e c t  a n t i b i o t i c  p r o d u c t i o n  b y  s h i f t i n g  
c a r b o h y d r a t e  c a t a b o l i c  p a t h w a y s ,  l i m i t i n g  s y n t h e s i s  o f  i n d u c e r s  
o f  a n t i b i o t i c  p a t h w a y s ,  o r  b y  i n h i b i t i n g  f o r m a t i o n  o f  a n t i b i o t i c  
p r e c u r s o r s  ( M a r t i n ,  1 9 7 7 ) .
V a r y i n g  t h e  a m o u n t  o f  i n o r g a n i c  p h o s p h a t e  i n  a  p r o d u c t i o n  
m e d i u m  i s  i m p o r t a n t  i n  t h e  s c r e e n i n g  o f  a n t i b i o t i c s .  S c r e e n i n g  
u s i n g  a  m e d i u m  c o n t a i n i n g  a  h i g h  ( g r e a t e r  t h a n  1 8 0 m M )  
c o n c e n t r a t i o n  o f  i n o r g a n i c  p h o s p h a t e  i n  w h i c h  a n t i b i o t i c s  a r e  n o t  
n o r m a l l y  p r o d u c e d  l e d  t o  t h e  d i s c o v e r y  o f  p y r r o l n i t r i n  ( A r i m a  e t  
a l . ,  1 9 6 5 ) ,  b i c y c l o m y c i n  ( M i y o s h i  e t  a l . ,  1 9 7 2 )  a n d  t h i o p e p t i n  
( M i y a i r i  e t  a l . ,  1 9 7 0 ) .  A l s o ,  H a l l  a n d  H a s s a l l  ( 1 9 7 0 )  r e p o r t e d  
t h a t  t w o  a n t i b i o t i c s  w e r e  s e l e c t i v e l y  p r o d u c e d  b y  S t r e p t o m y c e s  
j a m a i c e n s i s  d e p e n d i n g  o n  t h e  c o n c e n t r a t i o n  o f  i n o r g a n i c  
p h o s p h a t e .
W e i n b e r g  ( 1 9 7 0 )  s u g g e s t e d  t h a t  i n o r g a n i c  p h o s p h a t e  m a y  
s u p p r e s s  a n t i b i o t i c  p r o d u c t i o n  b y  d e p r i v i n g  t h e  c e l l  o f  e s s e n t i a l  
m e t a l s .  I t  i s  w e l l  k n o w n  t h a t  p h o s p h a t e  r e a d i l y  f o r m s  
p r e c i p i t a t e s  w i t h  c a l c i u m ,  m a g n e s i u m ,  i r o n  a n d  o t h e r  m e t a l s .  
I n d e e d ,  o n e  m e t h o d  o f  o v e r c o m i n g  t h e  r e p r e s s i v e  e f f e c t s  o f  h i g h  
l e v e l s  o f  p h o s p h a t e  a n d  a m m o n i u m  s a l t s  i n  a n t i b i o t i c  
f e r m e n t a t i o n s  i s  b y  p r e c i p i t a t i o n .  F o r  e x a m p l e  b y  i n c r e a s i n g  t h e  
c o n c e n t r a t i o n  o f  m a g n e s i u m  s u l p h a t e  i n  t h e  p r o d u c t i o n  m e d i u m  
( Y o u n g  e t  a l . ,  1 9 8 5 ) .  H o w e v e r ,  L i u  e t  a l .  ( 1 9 7 7 )  f a i l e d  t o  s h o w  a  
n e u t r a l i z a t i o n  e f f e c t  b y  z i n c  o r  m a g n e s i u m  i o n s  o n  p h o s p h a t e  
i n h i b i t i o n  o f  c a n d i c i d i n  b i o s y n t h e s i s .
T h e  E f f e c t  o f  M e t a l  I o n s
S o m e  s p e c i f i c  m e t a l s  a r e  r e l a t e d  t o  t h e  p r o d u c t i o n  o f  
i n d i v i d u a l  a n t i b i o t i c s .  I n  t h e  p r o d u c t i o n  o f  a m i n o g l y c o s i d e  
a n t i b i o t i c s  t h e  s t i m u l a t i n g  e f f e c t  o f  m e t a l  i o n s  s u c h  a s  C a + + ,  
C u + + ,  M g + + ,  N a +  a n d  Z n + +  i s  w e l l  k n o w n ,  w h i l s t  t h e  b i o s y n t h e t i c
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p a t h w a y  o f  g e n t a m y c i n s  i s  c o n t r o l l e d  b y  C o + +  ( O k a m i  a n d  H o t t a ,  
1 9 8 8 ) .  F u r t h e r m o r e ,  n o n s p e c i f i c  s t i m u l a t i o n  o f  a n t i b i o t i c  
s y n t h e s i s  b y  m e t a l  i o n s  i s  k n o w n  ( I w a i  a n d  O m u r a ,  1 9 8 2 ) .  
A c c o r d i n g  t o  W e i n b e r g  ( 1 9 6 2 ; 1 9 7 0 ) ,  t h e  t r a c e  m e t a l s  m a n g a n e s e ,  
i r o n  a n d  z i n c  a r e  u s u a l l y  t h e  m o s t  i m p o r t a n t  f o r  t h e  p r o d u c t i o n  
o f  s e c o n d a r y  m e t a b o l i t e s .  G e n e r a l l y  i m p o r t a n t  m e t a l s  a r e  
m a n g a n e s e  f o r  B a c i l l u s ,  i r o n  f o r  b a c t e r i a  o t h e r  t h a n  B a c i l l u s ,  
i r o n  a n d  z i n c  f o r  a c t i n o m y c e t e s  a n d  z i n c  f o r  f u n g i .  T h e  
c o n c e n t r a t i o n s  a d d e d  f o r  g r o w t h  a r e  u s u a l l y  a b o u t  1 0 ” 7  M  M n ,  1 0 ” 7  
M  Z n  a n d  2  x  1 0 “ 7  M  F e .  F o r  p r o d u c t i o n ,  t h e  c o n c e n t r a t i o n s  
r e q u i r e d  a r e  u s u a l l y  1 0  t o  1 0 0 - f o l d  g r e a t e r .  A d d i t i o n  o f  f u r t h e r  
a m o u n t s  i n h i b i t s  p r o d u c t i o n .  I t  i s  a l s o  k n o w n  t h a t  | B - l a c t a m  
a n t i b i o t i c s  c o m p l e x  m e t a l  i o n s  a t  h i g h  c o n c e n t r a t i o n s  ( F a z e r k e r l y  
a n d  J a c k s o n ,  1 9 7 5 ) .  I t  h a s  t h e r e f o r e  b e e n  p r o p o s e d  t h a t  s t r a i n s  
w h i c h  b e c o m e  r e s i s t a n t  t o  t h e s e  m e t a l l i c  i o n s  d o  s o  b y  
o v e r p r o d u c i n g  j B - l a c t a m  a n t i b i o t i c s  a s  a  m e a n s  o f  d e t o x i f y i n g  t h e m  
( C h a n g  a n d  E l a n d e r ,  1 9 7 9 ) .
O t h e r  F a c t o r s
I n  s p e c i f i c  c a s e s  a n t i b i o t i c  p r o d u c t i o n  i s  k n o w n  t o  b e  
a f f e c t e d  b y  t h e  p r e s e n c e  o f  p r e c u r s o r s ,  i n d u c e r s  ( e g .  A - f a c t o r  i n  
s t r e p t o m y c e t e s )  a n d  o t h e r  c u l t u r e  c o n d i t i o n s .  T h e s e  a r e  r e v i e w e d  
b y  I w a i  a n d  O m u r a  ( 1 9 8 2 )  i n  t h e i r  a r t i c l e  o n  c u l t u r e  c o n d i t i o n s  
f o r  s c r e e n i n g  o f  n e w  a n t i b i o t i c s *
1 . 1 3  M o d e l  S y s t e m s  f o r  t h e  S t u d y  o f  M i c r o b i a l  P o p u l a t i o n s
T h e r e  a r e  t w o  m a i n  a p p r o a c h e s  t o  s o l v i n g  t h e  p r o b l e m s  p o s e d  
b y  t h e  c o m p l e x  n a t u r e  o f  m i c r o b i a l  e c o l o g y .  T h e  f i r s t  i s  t o  s t u d y  
t h e  m i c r o o r g a n i s m s  i n  s i t u .  T h e  s e c o n d  r o u t e  i s  t o  c o n s t r u c t  
s i m p l i f i e d  l a b o r a t o r y  m o d e l  s y s t e m s  w h i c h  c a n  r e v e a l  i m p o r t a n t  
e l e m e n t s  o f  t h e  b e h a v i o u r  o f  t h e  n a t u r a l  e c o s y s t e m .  M a n y  
s c i e n t i s t s  c o n d e m n  s u c h  m o d e l s  a s  l a b o r a t o r y  a r t i f a c t s  b u t  t h e  
p u r p o s e  o f  l a b o r a t o r y  a n o l o g u e s  i s  n o t  t o  d u p l i c a t e  o r  i m i t a t e  
n a t u r e  b u t  t o  u s e  s i m p l e  e x p e r i m e n t a l  s y s t e m s  t h a t  m a k e  i t  e a s y  
t o  i d e n t i f y  o p e r a t i o n a l  m e c h a n i s m s ,  f i r s t  i n  t h e  e x p e r i m e n t  a n d
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t h e n  i n  n a t u r e  ( M a r g a l e f ,  1 9 6 7 ) .  T h e  e x p e c t a t i o n  i s  t h a t  b o t h  
a p p r o a c h e s  s h o u l d  b e  c o m p l e m e n t a r y ,  l e a d i n g  a t  s o m e  p o i n t  i n  t h e  
f u t u r e  t o  a  c o m p l e t e  u n d e r s t a n d i n g  o f  a l l  t h e  i n t e r a c t i o n s  t a k i n g  
p l a c e  i n  p a r t i c u l a r  m i c r o b i a l  h a b i t a t s .
L i q u i d  c u l t u r e  s y s t e m s  h a v e  b e e n  e s s e n t i a l  i n  d e t e r m i n i n g  
t h e  r e l a t i o n s h i p  b e t w e e n  c o m p o s i t i o n  o f  t h e  n a t u r a l  e n v i r o n m e n t  
a n d  t h e  p h y s i o l o g y  o f  m i c r o o r g a n i s m s .  S u c h  s y s t e m s  f o r m  a  p r i m a r y  
t o o l  i n  t h e  a n a l y s i s  o f  s i n g l e  a n d  m i x e d  c o m m u n i t i e s  i n  t h e  
l a b o r a t o r y  a n d  h a v e  b e e n  u s e d  s i n c e  t h e  t i m e s  o f  B e i j e r i n c k  a n d  
W i n o g r a d s k y  a s  e n r i c h m e n t  s y s t e m s .  B a t c h  e n r i c h m e n t s  a r e  o f t e n  
b a s e d  o n  t h e  m a x i m u m  s p e c i f i c  g r o w t h  r a t e  ( j J m a x £  h o w e v e r  i n  
m i n e r a l i s a t i o n  p r o c e s s e s  i n  n u t r i t i o n a l l y  p o o r  e n v i r o n m e n t s  a  
m a j o r  r o l e  i s  p l a y e d  b y  m i c r o o r g a n i s m s  w i t h  h i g h  s u b s t r a t e  
a f f i n i t y  a n d  a  r e l a t i v e l y  l o w  p m a x *  S u c h  o r g a n i s m s  w o u l d  n e v e r  
c o m e  t o  t h e  f o r e  i n  b a t c h  e n r i c h m e n t s ,  t h e r e f o r e  t h e  c h e m o s t a t  i s  
r e q u i r e d  f o r  g r o w t h  a t  l o w  s u b s t r a t e  c o n c e n t r a t i o n s .  A l s o  u s i n g  
t h e  c h e m o s t a t ,  t h e  d i l u t i o n  r a t e  m a y  b e  a d j u s t e d  s o  t h a t  t h e  
e x p e r i m e n t  m a y  b e  c o n d u c t e d  a t  s u b m a x i m a l  g r o w t h  r a t e  a t  l o w  
s u b s t r a t e  c o n c e n t r a t i o n s .  T h e s e  s y s t e m s  a l l o w  r e s p o n s e s  o f  
m i c r o b i a l  p o p u l a t i o n s  t o  c h a n g i n g  e n v i r o n m e n t a l  c o n d i t i o n s  t o  b e  
s t u d i e d  i n  a  s y s t e m a t i c  w a y .
W h e n  m o d e l l i n g  m i c r o b i a l  e c o s y s t e m s  i t  i s  i m p o r t a n t  t o  
c o n s i d e r  h o m o g e n e i t y  v e r s u s  h e t e r o g e n e i t y  ( H e r b e r t ,  1 9 6 1 ) .  A l l  
l i q u i d  c u l t u r e  s y s t e m s  a r e  e s s e n t i a l l y  h o m o g e n e o u s  i n  s p a t i a l  
t e r m s .  M o s t  n a t u r a l  e c o s y s t e m s  l a c k  t h i s  h o m o g e n e i t y  ( b o t h  
s p a t i a l  a n d  t e m p o r a l ) .  S t r a t i f i c a t i o n  a n d  z o n a t i o n  a r e  e v i d e n c e  
o f  s p a t i a l  d i f f e r e n t i a t i o n  w h i l e  s u c c e s s i o n s  o f  m i c r o b i a l  t y p e s  
l e a d  t o  t e m p o r a l  d i f f e r e n t i a t i o n .  T o  c o m p l i c a t e  m a t t e r s ,  
d e f i n i t i o n s  o f  s p a t i a l  o r  t e m p o r a l  h e t e r g e n e i t y  a r e  g o v e r n e d  b y  
s c a l e .  T h u s  o v e r  l o n g  p e r i o d s  o f  t i m e  c e r t a i n  h a b i t a t s  m a y  b e  i n  
s t e a d y  s t a t e  s i n c e ,  t a k e n  a s  a  w h o l e ,  t h e i r  c o m p o s i t i o n  d o e s  n o t  
c h a n g e  s i g n i f i c a n t l y .  O n  a  m i c r o s c o p i c  s c a l e  h o w e v e r ,  t h e  w h o l e  
e c o s y s t e m  m a y  b e  u n d e r g o i n g  n u m e r o u s  s u c c e s s i v e  c h a n g e s .
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S t u c t u r a l  a n d  t e m p o r a l  h e t e r o g e n e i t y  a r e  v i t a l l y  i m p o r t a n t  
i n  n a t u r a l  e c o s y s t e m s  f o r  t h e  f o l l o w i n g  r e a s o n s  ( W i m p e n n y  e t  a l . r 
1 9 8 3 ) :
( 1 )  S o l u t e  t r a n s f e r  b y  d i f f u s i o n  p l a y s  a  d o m i n a n t  p a r t  i n  
d e t e r m i n i n g  m e t a b o l i c  r a t e s  i n  p a r t i c u l a r  s y s t e m s .  
D i f f u s i o n  b e t w e e n  v a r i o u s  p o i n t s  v a r i e s  e n o r m o u s l y .
( 2 )  E n v i r o n m e n t a l  h e t e r o g e n e i t y  a l l o w s  i n t e r a c t i o n s  b e t w e e n  
o r g a n i s m s  w h i c h  m a y  n o t  o c c u r  i n  t h e  s a m e  h o m o g e n e o u s  
h a b i t a t .
( 3 )  H e t e r o g e n e i t y  e n c o u r a g e s  d i v e r s i t y  o f  m i c r o b i a l  t y p e s  
s i n c e  i t  p r o v i d e s  a  w i d e  r a n g e  o f  n i c h e s  f o r  t h e  
d e v e l o p m e n t  o f  d i f f e r e n t  s p e c i e s .
( 4 )  T h e  m o r e  d i v e r s e  t h e  p o p u l a t i o n  t h e  m o r e  r e s i l i e n t  i t  
i s  t o  e n v i r o n m e n t a l  s t r e s s ;  t h u s  h e t e r o g e n e i t y  
e n c o u r a g e s  s t a b i l i t y .
( 5 )  T h e  f r e q u e n c y  a n d  e x t e n t  o f  e n v i r o n m e n t a l  p e r t u r b a t i o n  
a n d  t h e  d e g r e e  o f  h e t e r o g e n e i t y  ( b o t h  e n v i r o n m e n t a l  a n d  
t h e  r a n g e  o f  m i c r o b i a l  t y p e s  p r e s e n t )  b o t h  d e t e r m i n e  
t h e  r a t e  a n d  r a n g e  o f  e v o l u t i o n a r y  f l e x i b i l i t y  o f  
p a r t i c u l a r  e c o s y s t e m s .
A c c e p t i n g  t h e  i m p o r t a n c e  o f  h e t e r o g e n e i t y  i t  c a n  b e  p r o p o s e d  
t h a t  h e t e r o g e n e o u s  m o d e l s  a r e  n e e d e d  t o  s t u d y  h e t e r o g e n e o u s  
p h e n o m e n a .
P e r c o l a t i n g  C o l u m n s
I n  m a n y  n a t u r a l  h a b i t a t s  a  m i c r o b e  i s  l o c a t e d  i n  a  f i x e d  
p o s i t i o n  a n d  i s  s u b j e c t  t o  a  f l o w  o f  s o l u t i o n s .  T h e  o r g a n i s m  i s  
c o n s t a n t l y  s u b j e c t  t o  ’ f r e s h '  m e d i u m  w h i c h  m a y  b e  e s p e c i a l l y  
s i g n i f i c a n t  i n  d i l u t e  e n v i r o n m e n t s  w h e r e  o r g a n i s m s  n e e d  t o  
s c a v e n g e  l o w  c o n c e n t r a t i o n s  o f  a v a i l a b l e  n u t r i e n t s .  T h i s  
s i t u a t i o n  m a y  b e  m o d e l e d  b y  t h e  p e r c o l a t i o n  t e c h n i q u e s  w h i c h  w e r e  
f i r s t  i n t r o d u c e d  b y  L e e s  a n d  Q u a s t e l  ( 1 9 4 6 )  u s i n g  s o i l  c o l u m n s  
f o l l o w i n g  t h e  s u c c e s s  o f  o r g a n  p e r f u s i o n  i n  t h e  f o r t i e s .  I n  t h i s  
c a s e  t h e  p e r f u s a t e  w a s  r e c y c l e d  t h r o u g h  t h e  s y s t e m .  H e n c e ,  t h e
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s u b s t r a t e  c o n c e n t r a t i o n  c h a n g e s  t h r o u g h  t h e  c o u r s e  o f  t h e  
e x p e r i m e n t  a n d  i s  e x h a u s t e d  i n  t h e  e n d .  M a c u r a  a n d  M a l e k  ( 1 9 5 8 )  
d e v i s e d  a  c o n t i n u o u s  f l o w  a d a p t i o n  t o  t h e  t e c h n i q u e  a n d  t h e  
r e s u l t s  o f  a  n u m b e r  o f  e x p e r i m e n t s  o n  n i t r i f i c a t i o n ,  t h e  
d e c o m p o s i t i o n  o f  g l u c o s e  a n d  g l y c i n e ,  a n d  t h e  i m m o b i l i s a t i o n  o f  
n i t r o g e n  a n d  p h o s p h o r u s  i n  d i f f e r e n t  s o i l s  u s i n g  t h i s  a p p a r a t u s  
w e r e  r e p o r t e d  b y  M a c u r a  a n d  K u n e  ( 1 9 6 1 ;  1 9 6 5 a , b ) .
D o w n w a r d  f l o w  c l e a r l y  l e a d s  t o  v e r t i c a l  s t r a t i f i c a t i o n  o f  
m i c r o o r g a n i s m s  a n d  t h e i r  m e t a b o l i t e s .  M a c u r a  a n d  K u n e  ( 1 9 6 1 )  m a d e  
u s e  o f  t h i s  b y  u s i n g  s o i l  c o l u m n s  o f  v a r i o u s  h e i g h t s  t o  s t u d y  
i n d i v i d u a l  p h a s e s  o f  d e c o m p o s i t i o n  p r o c e s s e s  c o m p o s e d  o f  s e v e r a l  
p a r t s .  A r d a k a n i ,  R e h b o c k  a n d  M c L a r e n  ( 1 9 7 3 )  e m p l o y e d  a  s o i l  
c o l u m n  w i t h  s a m p l i n g  p o r t s  a t  i n t e r v a l s  d o w n  t h e  c o l u m n  t o  f o l l o w  
t h e  b e h a v i o u r  o f  t h e  s y s t e m  a t  d i f f e r e n t  p o s i t i o n s .  A  s i m p l e  
p e r c o l a t i n g  c o l u m n  w a s  d e s c r i b e d  b y  M c L a r e n  ( 1 9 6 9 )  i n  w h i c h  o n e  
s p e c i e s ,  d e p e n d e n t  o n  a  s o u r c e  o f  s u b s t r a t e ,  g e n e r a t e d  p r o d u c t s  
w h i c h  w e r e  u s e d  a s  a  n u t r i e n t  b y  a n o t h e r  w h i c h  i n  t u r n  g e n e r a t e d  
a  s e c o n d  p r o d u c t .
A n a l y s i s  o f  s u c h  a  s y s t e m  m u s t  b e  c a r e f u l l y  m a d e ,  a n d  B a z i n  
e t  a l .  ( 1 9 7 6 )  p o i n t  o u t  t h e  p o t e n t i a l  p i t f a l l s .  F o r  e x a m p l e ,  
a s s u m i n g  t h a t  t h e  c o l u m n  i s  i n  s t e a d y  s t a t e  c a n  l e a d  t o  e r r o r s .  
I f  t h e  s y s t e m  i s  n o t  i n  s t e a d y  s t a t e  t h e n  p a r a m e t e r s  o f  t i m e  a n d  
d i s t a n c e  m u s t  b e  t a k e n  i n t o  a c c o u n t .  T h u s ,  w h e n  a  d r o p  o f  
n u t r i e n t  s o l u t i o n  i s  a d d e d  t o  t h e  c o l u m n ,  b a c t e r i a l  n u m b e r s  
i n c r e a s e  a n d  n u t r i e n t  c o n c e n t r a t i o n  f a l l s .  A s  t h e  n u t r i e n t  
c o n c e n t r a t i o n  d e c r e a s e s  d o w n  t h e  c o l u m n ,  t h e  i n c r e a s e  i n  
b a c t e r i a l  n u m b e r s  i s  s m a l l e r .  W h e n  t h e  f i r s t  d r o p  h a s  l e f t  t h e  
c o l u m n  t h e  m i c r o b i a l  p o p u l a t i o n  i s  n o  l o n g e r  e v e n l y  d i s t r i b u t e d .  
W h e n  a  s e c o n d  d r o p  o f  n u t r i e n t  i s  a d d e d  t h i s  d i s a p p e a r s  m o r e  
r a p i d l y  i n  t h e  r e g i o n  o f  i n c r e a s e d  b i o m a s s ,  f u r t h e r  i n c r e a s i n g  
t h e  c h a n g e  i n  d i s t r i b u t i o n .
B a z i n  a n d  S a u n d e r s  ( 1 9 7 3 )  r e p l a c e d  s o i l  w i t h  g l a s s  b e a d s  a n d  
n a t u r a l  m i x e d  p o p u l a t i o n s  w i t h  p u r e  c u l t u r e s  o f  n i t r i f y i n g  
b a c t e r i a  g r o w i n g  o n  a  d e f i n e d  m e d i u m .  S u c h  a  d e f i n e d  s y s t e m  w a s
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u s e f u l  f o r  g e n e r a t i n g  m o d e l s  o f  n i t r i f i c a t i o n  i n  a  h e t e r o g e n o u s  
c o l u m n .  C o l u m n s  o f  g l a s s  b e a d s  h a v e  s i g n i f i c a n t  a d v a n t a g e s  a s  
m o d e l s  o f  p e r f u s e d  n a t u r a l  e c o s y s t e m s  s u c h  a s  s o i l ,  s i n c e  t h e y  
a r e  a b l e  t o  r e p r o d u c e  s e l e c t e d  a s p e c t s  o f  s o i l  p h y s i o l o g y  a n d  
p r o v i d e  r e l a t i v e l y  s i m p l e  k i n e t i c  m o d e l s .  H o w e v e r ,  t h e s e  k i n e t i c  
m o d e l s  d o  n o t  a l w a y s  p r e d i c t  o b s e r v e d  d a t a  a c c u r a t e l y .  A s  B a z i n  
a n d  S a u n d e r s  ( 1 9 7 6 )  p o i n t  o u t ,  t h e  g l a s s  b e a d  c o l u m n  i s  a  s t e p  
r e m o v e d  f r o m  a c t u a l  s o i l .  D i f f e r e n c e s  l i e  i n  t h e  p r e s e n c e  o f  
o r g a n i c  a n d  i n o r g a n i c  s u r f a c e s  t o  w h i c h  t h e  o r g a n i s m s  a t t a c h  a n d  
i n  t h e  p r e s e n c e  o f  c o m p e t i n g  m i c r o o r g a n i s m s .
1 . 1 4  T h e  A i m  o f  t h e  P r o j e c t
N a t u r a l  p r o d u c t  s c r e e n i n g  o f  a c t i n o m y c e t e s  o v e r  t h e  l a s t  
f i f t y  y e a r s  h a s  b e e n  e x t r e m e l y  s u c c e s s f u l ,  p r o v i d i n g  u s  w i t h  a n  
a r r a y  o f  t h e r a p e u t i c  a g e n t s .  T h e  c o n t i n u e d  s u c c e s s  o f  n a t u r a l  
p r o d u c t  s c r e e n i n g  w i l l ,  h o w e v e r ,  r e l y  b o t h  o n  i m p r o v e m e n t s  i n  o u r  
k n o w l e d g e  o f  t h e  r o l e  o f  a n t i b i o t i c s  i n  t h e  d i s t r i b u t i o n  a n d  
a c t i v i t y  o f  p r o d u c e r s  i n  n a t u r a l  e n v i r o n m e n t s  a n d  o n  t h e  
d e v e l o p m e n t  o f  m o r e  d i r e c t e d  i s o l a t i o n  p r o c e d u r e s  t o w a r d s  t h e s e  
o r g a n i s m s .  P r e s e n t l y ,  e x t r e m e l y  h i g h  t h r o u g h p u t  s c r e e n s  a r e  
o p e r a t e d  i n  o r d e r  t o  m a x i m i s e  t h e  p r o b a b i l i t y  o f  d e t e c t i n g  
a n t i b i o t i c - p o s i t i v e  s t r a i n s .  T h i s  s c r e e n i n g  s t r a t e g y  i s  
e x p e n s i v e ,  t i m e - c o n s u m i n g  a n d  i n e f f i c i e n t .
T h e  a i m  o f  t h i s  p r o j e c t  w a s  t o  i n v e s t i g a t e  t h e  n u t r i t i o n a l  
a n d  e n v i r o n m e n t a l  p a r a m e t e r s  w h i c h  a f f e c t  t h e  s u r v i v a l ,  g r o w t h  
a n d  p r e d o m i n a n c e  o f  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s  i n  s o i l  
a n d  i n  a r t i f i c i a l  s y s t e m s .  T h i s  i n f o r m a t i o n  c o u l d  t h e n  b e  u s e d  i n  
o r d e r  t o  d e s i g n  i m p r o v e d  t e c h n i q u e s  f o r  t h e  i s o l a t i o n  o f  
a n t i b i o t i c - p r o d u c i n g  m i c r o o r g a n i s m s .  E s t a b l i s h e d  t e c h n i q u e s  f o r  
t h e  i s o l a t i o n  o f  a c t i n o m y c e t e s  f r o m  s o i l  e n v i r o n m e n t s  r e l y  
h e a v i l y  o n  t h e  i n h i b i t i o n  o f  u n w a n t e d  m i c r o o r g a n i s m s  r a t h e r  t h a n  
o n  t h e  p o s i t i v e  s e l e c t i o n  o f  d e s i r e d  s t r a i n s .  A n  o b j e c t i v e  o f  
t h i s  p r o j e c t  w a s  t o  i n v e s t i g a t e  t h e  e x t e n t  t o  w h i c h  a c t i n o m y c e t e s  
( a n d ,  i n  p a r t i c u l a r ,  a n t i b i o t i c - p r o d u c i n g  s t r a i n s )  c o u l d  b e  
s e l e c t i v e l y  i s o l a t e d  f r o m  s o i l  w i t h o u t  t h e  u s e  o f  a n t i b a c t e r i a l
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a n t i b i o t i c s  a n d  i n h i b i t o r s  ( w h i c h  a l s o  a f f e c t  t h e  a c t i n o m y c e t e  
p o p u l a t i o n ) .  M e d i a  d e s i g n  w a s  t o  b e ,  a s  f a r  a s  p o s s i b l e ,  b a s e d  o n  
p o s i t i v e  s e l e c t i o n  t h r o u g h  g r o w t h  r a t h e r  t h a n  o n  n e g a t i v e  
s e l e c t i o n  o r  t h e  i n h i b i t i o n  o f  u n w a n t e d  s t r a i n s .  S u b s t r a t e s  w h i c h  
g i v e  a c t i n o m y c e t e s  a n  a d v a n t a g e  d u r i n g  g r o w t h  m a y  a l s o  b e  u s e d  i n  
t h e  d e s i g n  o f  e n r i c h m e n t  s y s t e m s ,  a n  a r e a  w h i c h  h a s  b e e n  l a r g e l y  
n e g l e c t e d  f o r  t h i s  g r o u p  o f  o r g a n i s m s .  A n  e n r i c h m e n t  s y s t e m  f o r  
a c t i n o m y c e t e s  w o u l d  b e  o f  v a l u e  s i n c e  s o m e  m i c r o o r g a n i s m s  s u c h  a s  
r a r e  a c t i n o m y c e t e s  m a y  n o t  n o r m a l l y  b e  e n c o u n t e r e d  u s i n g  t h e  
c o n v e n t i o n a l  i s o l a t i o n  t e c h n i q u e  o f  d i l u t i o n  p l a t i n g  t h e  s a m p l e  
o n t o  s o l i d  i s o l a t i o n  m e d i a .
S e c t i o n  4  d e s c r i b e s  t h e  s t u d y  o f  t h e  n u t r i t i o n a l  a n d  
p h y s i o l o g i c a l  c a p a b i l i t i e s  o f  a  l a r g e  n u m b e r  o f  m i c r o o r g a n i s m s  i n  
p u r e  c u l t u r e .  T h e s e  i n c l u d e d  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s ,  
n o n - p r o d u c i n g  a c t i n o m y c e t e s ,  a s  w e l l  a s  e u b a c t e r i a  a n d  f u n g i  
i s o l a t e d  f r o m  a  s i n g l e  s o i l  e n v i r o n m e n t .
I n  S e c t i o n  5  a  s t u d y  o f  t h e  s e n s i t i v i t y  o f  s o i l  i s o l a t e s  t o  
a n t i b i o t i c s  i s  d e s c r i b e d .
S e c t i o n s  6  a n d  7  a r e  c o n c e r n e d  w i t h  t h e  d e s i g n  o f  s e l e c t i v e  
i s o l a t i o n  m e d i a  f o r  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s  a n d  t h e  
e v a l u a t i o n  o f  t h e s e  n e w  m e d i a  u n d e r  v a r i o u s  c o n d i t i o n s .
S e c t i o n  8  d e s c r i b e s  t h e  d e v e l o p m e n t  o f  a  m o d e l  s o i l  s y s t e m  
( t h e  p e r c o l a t i n g  c o l u m n )  b o t h  a s  a n  e n r i c h m e n t  s y s t e m  f o r  
a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s  a n d  a s  a  t o o l  f o r  t h e  s t u d y  o f  
t h e  e f f e c t  o f  n u t r i e n t  l i m i t a t i o n s  o n  t h e  a n t i b i o t i c - p r o d u c i n g  
p o p u l a t i o n .
S e c t i o n s  2  a n d  3  p r o v i d e  t h e  d e t a i l s  o f  t h e  m a i n  
e x p e r i m e n t a l  a n d  s t a t i s t i c a l  m e t h o d s  u s e d  i n  t h i s  w o r k .
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2. General Materials and Methods
2 . 1  S o i l
T h e  m a i n  s o i l  u s e d  i n  t h i s  s t u d y  w a s  a n  a g r i c u l t u r a l  s o i l  
f r o m  a  b a r l e y  f i e l d  n e a r  P u t t e n h a m ,  S u r r e y .  T h e  S o i l  S u r v e y  o f  
E n g l a n d  a n d  W a l e s  d e s c r i b e s  t h e  s o i l  i n  t h i s  a r e a  a s  b e l o n g i n g  t o  
t h e  F r i l f o r d  A s s o c i a t i o n  ( J a r v i s  e t  a l . ,  1 9 8 4 ) .  T h e  u n d e r l y i n g  
s a n d s  a r e  o f  a  m e d i u m  g r a d e  a n d  F r i l f o r d  s o i l s  a r e  d o m i n a n t .  
F e r n h i l l  s o i l s ,  w h i c h  a r e  o n l y  d e v e l o p e d  w i t h i n  t h e  a s s o c i a t i o n  
o v e r  f e r r u g i n o u s  s a n d s t o n e  i n  t h e  L o w e r  G r e e n s a n d ,  o c c u r  
s p o r a d i c a l l y .  T h e s e  s o i l s  a r e  b r o w n ,  s a n d y ,  s t o n e - f r e e ,  p e r m e a b l e  
a n d  w e l l - d r a i n e d  b u t  s o m e  a r e  o c c a s i o n a l l y  a f f e c t e d  b y  
g r o u n d w a t e r .  F r i l f o r d  s o i l s  h a v e  s m a l l  w a t e r  r e s e r v e s .  F o r  t h i s  
r e a s o n ,  c e r e a l s  r a t h e r  t h a n  g r a s s  a r e  t h e  p r i n c i p a l  c r o p .  T h e  
s o i l s  a r e  n a t u r a l l y  a c i d  s o  t h e y  n e e d  p e r i o d i c  l i m i n g .  T h e y  a l s o  
r e q u i r e  p h o s p h o r u s  f e r t i l i z e r s .  T h o s e  w i t h  a  l o w  c l a y  c o n t e n t  
h a v e  l o w  r e s e r v e s  o f  p o t a s s i u m ,  a l t h o u g h  s o i l s  o n  L o w e r  G r e e n s a n d  
c o n t a i n i n g  g l a u c o n i t e  g e n e r a l l y  h a v e  g o o d  p o t a s s i u m  r e s e r v e s .  
C o p p e r ,  m a n g a n e s e ,  z i n c ,  b o r o n  a n d  c o b a l t  d e f i c i e n c i e s  o c c u r ,  
e s p e c i a l l y  i n  s e n s i t i v e  r o o t  a n d  h o r t i c u l t u r a l  c r o p s .
A  s o i l  a n a l y s i s  c a r r i e d  o u t  b y  t h e  M i n i s t r y  o f  A g r i c u l t u r e  
o n  a  w i n t e r  s a m p l e  o f  t h e  a g r i c u l t u r a l  s o i l  s h o w e d  t h e  s o i l  t o  
c o n t a i n  1 9 m g / l  p h o s p h o r u s  ( w h i c h  c o r r e s p o n d s  t o  a n  o p t i m a l  l e v e l  
f o r  a  f e r t i l e  s o i l ) ;  9 4 m g / l  p o t a s s i u m  ( s l i g h t l y  d e f i c i e n t ) ;  a n d  
2 0 m g / l  m a g n e s i u m  ( w h i c h  c o r r e s p o n d s  t o  a  d e f i c i e n c y  o f  m a g n e s i u m  
f o r  p l a n t  g r o w t h ) .  T h e s e  u n i t s  r e f e r  t o  m i l l i g r a m s  o f  e x t r a c t e d  
e l e m e n t  p e r  l i t r e  o f  a i r - d r i e d  s o i l .  N o  l i m e s t o n e  o r  c h a l k  w a s  
r e p o r t e d .  T h e  s o i l  w a s  f o u n d  t o  h a v e  a  p H  o f  7 . 4 .  A t  o t h e r  t i m e s  
o f  y e a r  t h e  s o i l  p H  w a s  f o u n d  t o  v a r y  b e t w e e n  6 . 9  a n d  7 . 4  ( s e e  
m e t h o d  o v e r l e a f ) .  I t  w a s  a p p a r e n t  f r o m  t h e  r e d - b r o w n  c o l o u r a t i o n  
o f  t h e  s o i l  t h a t  i t  c o n t a i n e d  a  h i g h  l e v e l  o f  i r o n .  T h i s  i s  a  
c h a r a c t e r i s t i c  o f  s o m e  o f  t h e  s o i l s  f o u n d  i n  t h i s  a r e a .
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Measurement of Soil pH
A  2 5 0 m l  b e a k e r  w a s  f i l l e d  w i t h  a  f r e s h  s o i l  s a m p l e  a n d  
s u f f i c i e n t  d e i o n i s e d  d i s t i l l e d  w a t e r  w a s  g r a d u a l l y  a d d e d  t o  f o r m  
a  s t i f f  s o i l  s l u r r y .  T h e  s l u r r y  w a s  m i x e d  w e l l ,  l e f t  t o  s t a n d  f o r  
1 0  t o  2 0  m i n u t e s  a n d  t h o r o u g h l y  m i x e d  a g a i n .  T h e  p H  w a s  t h e n  
m e a s u r e d  u s i n g  a  p H  e l e c t r o d e .
2 . 2  I s o l a t i o n  a n d  E n u m e r a t i o n  o f  S o i l  M i c r o o r g a n i s m s
I s o l a t i o n  o f  s o i l  m i c r o o r g a n i s m s  w a s  m a d e  f r o m  f r e s h l y  
c o l l e c t e d  s o i l  s a m p l e s  t a k e n  f r o m  t h e  A  h o r i z o n  a t  t w o  t o  t h r e e  
c e n t i m e t r e s  b e l o w  t h e  s o i l  s u r f a c e .
I s o l a t i o n ,  G r o w t h  a n d  M a i n t e n a n c e  M e d i a
T h e  f o r m u l a t i o n s  o f  a l l  o f  t h e  g r o w t h  m e d i a  u s e d  i n  t h i s  
s t u d y  a r e  l i s t e d  i n  A p p e n d i x  1 .  A l l  m e d i a  u s e d  f o r  t h e  i s o l a t i o n  
o f  a c t i n o m y c e t e s  w e r e  s u p p l e m e n t e d  w i t h  t h e  a n t i f u n g a l s  n y s t a t i n  
( 5 0 j u g / m l )  ( S i g m a )  a n d  c y c l o h e x i m i d e  ( 5 0 p g / m l )  ( S i g m a ) .
D i l u t i o n  P l a t i n g  o f  S o i l  S a m p l e s
S o i l  s a m p l e s  w e r e  a i r  d r i e d  i n  a  l a m i n a r  f l o w  c a b i n e t  f o r  3 0  
m i n u t e s  i n  a n  o p e n  p e t r i  d i s h .  O n e  g r a m  o f  a i r - d r i e d  s o i l  w a s  
a d d e d  t o  l O O m l s  s t e r i l e  R i n g e r s  +  T w e e n  8 0  ( 0 . 0 1 % )  i n  a  2 5 0 m l  
c o n i c a l  f l a s k .  T h e  f l a s k  w a s  t h e n  s h a k e n  o n  a  w r i s t  a c t i o n  s h a k e r  
f o r  2 0  m i n u t e s .  T h e  d e t e r g e n t  a i d s  t h e  w e t t i n g  o f  a c t i n o m y c e t e  
s p o r e s  a n d  r e d u c e s  c l u m p i n g  o f  c e l l s ,  a i d i n g  t h e  m o r e  a c c u r a t e  
e n u m e r a t i o n  o f  m i c r o o r g a n i s m s .  U s i n g  t h e  s a m e  d i l u e n t  a s  a b o v e ,  
t e n - f o l d  d i l u t i o n s  w e r e  m a d e  o f  t h e  h o m o g e n i s e d  s o i l  s a m p l e  a n d
0 . 1 m l  f r o m  e a c h  d i l u t i o n  w a s  s p r e a d  p l a t e d  o n t o  t h e  a p p r o p r i a t e  
a g a r  m e d i u m .  A g a r  p l a t e s  f o r  t h e  i s o l a t i o n  a n d  e n u m e r a t i o n  o f  
a c t i n o m y c e t e s  w e r e  a i r  d r i e d  f o r  4 5  m i n u t e s  i n  a  h e a t e d  l a m i n a r  
f l o w  c a b i n e t  p r i o r  t o  d i l u t i o n  p l a t i n g .  F o r  e a c h  d i l u t i o n ,  a  
m i n i m u m  o f  t h r e e  r e p l i c a t e  p l a t e s  w e r e  p r e p a r e d  a n d  t h e  m e a n  
c o l o n y  c o u n t  w a s  c a l c u l a t e d  a f t e r  i n c u b a t i o n .
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Incubation
T h e  i s o l a t i o n  p l a t e s  w e r e  p l a c e d  i n  p l a s t i c  b a g s  c o n t a i n i n g  
m o i s t e n e d  c o t t o n  w o o l  t o  p r e v e n t  e x c e s s i v e  d r y i n g  o f  t h e  a g a r  o n  
p r o l o n g e d  i n c u b a t i o n .  I n c u b a t i o n  w a s  n o r m a l l y  a t  2 8 - 3 0 ° C  f o r  
e u b a c t e r i a  a n d  a c t i n o m y c e t e s ,  a n d  2 0 ° C  f o r  f u n g i .  T h e  i n c u b a t i o n  
p e r i o d  w a s  t w o  w e e k s ,  a l t h o u g h  p l a t e s  w e r e  n o r m a l l y  c h e c k e d  a t  
r e g u l a r  i n t e r v a l s  t o  p r e v e n t  o v e r g r o w t h  b y  s p r e a d i n g  b a c t e r i a ,  i f  
p r e s e n t .  A f t e r  t h e  1 4  d a y  i n c u b a t i o n  p e r i o d  c o l o n i e s  w e r e  c o u n t e d  
a n d  p i c k e d  o f f .  T h e  p l a t e s  w e r e  t h e n  i n c u b a t e d  f o r  a  f u r t h e r  t w o  
w e e k s  f o r  t h e  i s o l a t i o n  o f  s l o w e r  g r o w i n g  a c t i n o m y c e t e s .
2 . 3  M e a s u r e m e n t  o f  A n t i b i o t i c  A c t i v i t y
T h e  a n t i b i o t i c  a c t i v i t y  o f  t h e  i s o l a t e s  w a s  m e a s u r e d  i n  a g a r  
u s i n g  t h e  f o l l o w i n g  c h a l l e n g e  o r g a n i s m s :
( 1 )  S t a p h y l o c o c c u s  a u r e u s  O x f o r d  H  S t r a i n  V I  ( U n i v e r s i t y  o f  
S u r r e y ,  M i c r o b i a l  B i o t e c h n o l o g y  L a b o r a t o r y  C u l t u r e  
C o l l e c t i o n  N u m b e r  ( M B L )  8 6 4 .
( 2 )  E s c h e r i c h i a  c o l i  M B L  1 6 6 1 .
( 3 )  E s c h e r i c h i a  c o l i  S S  -  a  s t r a i n  s u p e r s e n s i t i v e  t o  p - l a c t a m  
a n t i b i o t i c s  i s o l a t e d  i n  a  s t r a i n  s e l e c t i o n  p r o g r a m m e  a t  t h e  
D e p a r t m e n t  o f  M i c r o b i o l o g y ,  U n i v e r s i t y  o f  S u r r e y  b y  D r .  M . E .  
B u s h e l 1 .
N u t r i e n t  a g a r  a n d  n u t r i e n t  b r o t h  ( O x o i d )  w e r e  u s e d  f o r  t h e  g r o w t h  
a n d  m a i n t e n a n c e  o f  t h e  c h a l l e n g e  o r g a n i s m s .
A g a r  D r o p l e t  O v e r l a y  B i o a s s a y
A g a r  d r o p l e t s  o f  m a l t  y e a s t  a g a r  ( v o l u m e  a p p r o x i m a t e l y  1 m l )  
w e r e  p r o d u c e d  i n  a  4  b y  4  a r r a n g e m e n t  i n  1 1 c m  s q u a r e  p e t r i  
d i s h e s .  T h e  o p e r a t i o n  w a s  c a r r i e d  o u t  i n  a  l a m i n a r  f l o w  c a b i n e t .
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U s i n g  s t e r i l e  c o c k t a i l  s t i c k s ,  e a c h  d r o p l e t  w a s  i n o c u l a t e d  w i t h  a  
t e s t  i s o l a t e .  T h e  d r o p l e t s  w e r e  i n c u b a t e d  a t  2 8 ° C  f o r  5  d a y s ,  
t h u s  e n a b l i n g  g r o w t h  a n d  a n t i b i o t i c  p r o d u c t i o n  i n  t h e  d r o p l e t s .  
T h e  a b i l i t y  t o  p r o d u c e  a n t i b i o t i c  s u b s t a n c e s  w a s  m e a s u r e d  b y  
o v e r l a y i n g  t h e  d r o p l e t s  w i t h  a g a r  s e e d e d  w i t h  c h a l l e n g e  
o r g a n i s m s .  C h a l l e n g e  o r g a n i s m s  w e r e  s h a k e n  i n  n u t r i e n t  b r o t h  
o v e r n i g h t  a n d  1 m l  b r o t h  w a s  u s e d  t o  s e e d  3 0 m l s  m o l t e n  n u t r i e n t  
a g a r  o v e r l a y .  T h e  o v e r l a i d  d i s h e s  w e r e  i n c u b a t e d  o v e r n i g h t  a t  
3 0 ° C  i n  t h e  c a s e  o f  t h e  s u p e r s e n s i t i v e  s t r a i n  ( E . c o l i  S S )  a n d  
3 7 ° C  f o r  t h e  o t h e r  c h a l l e n g e  o r g a n i s m s .  A f t e r  1 8  h r s  t h e  d i s h e s  
w e r e  e x a m i n e d  a n d  z o n e s  o f  i n h i b i t i o n  a r o u n d  t h e  a g a r  d r o p l e t s  
w e r e  m e a s u r e d  u s i n g  c a l i p e r s .
I n  o r d e r  t o  m a k e  t h e  i n h i b i t i o n  z o n e s  m o r e  r e a d a b l e ,  0 . 7 5 m l  
2 %  ( w / v )  s o l u t i o n  o f  t r i p h e n y l  t e t r a z o l e u m  c h l o r i d e  ( T T C )  ( S i g m a )  
i n  D M S O  w a s  a d d e d  p e r  2 5 0 m l  m o l t e n  a g a r .  D u r i n g  g r o w t h  a n d  
r e s p i r a t i o n  o f  t h e  c h a l l e n g e  o r g a n i s m  i n  t h e  a g a r ,  T T C  i s  r e d u c e d  
t o  r e d  f o r m a z a n .  C l e a r ,  c o l o u r l e s s  z o n e s  o f  i n h i b i t i o n  a r e  m o r e  
e a s i l y  m e a s u r e d  i n  c o n t r a s t  t o  t h e  r e d  a r e a s  i n  t h e  a g a r  w h e r e  
g r o w t h  h a s  o c c u r e d .
C u p - P l a t e  A g a r  D i f f u s i o n  B i o a s s a y
A  1 %  ( v / v )  i n o c u l u m  f r o m  a n  b r o t h  c u l t u r e  o f  e a c h  c h a l l e n g e  
o r g a n i s m  w a s  i n c o r p o r a t e d  i n t o  t h e  a p p r o p r i a t e  a g a r  m e d i u m  
t o g e t h e r  w i t h  0 . 3 %  ( v / v )  T T C  s o l u t i o n  ( s e e  a b o v e ) .  T h e  a g a r  w a s  
p o u r e d  i n t o  a n  a s s a y  d i s h  a n d  a l l o w e d  t o  s e t .  W e l l s  w e r e  c u t  w i t h  
a  4 m m  d i a m e t e r  b o r e r  a n d  f i l l e d  w i t h  5 0 u l  s a m p l e .  T h e  p l a t e s  w e r e  
i n c u b a t e d  a t  3 0 ° C  o v e r n i g h t  f o r  t h e  b a c t e r i a  a n d  y e a s t s ,  o r  f o r  
3 - 5  d a y s  f o r  t h e  a c t i n o m y c e t e s .  T h e  m o u l d s  w e r e  i n c u b a t e d  a t  2 5 ° C  
f o r  u p  t o  5  d a y s .  Z o n e  o f  i n h i b i t i o n  w e r e  m e a s u r e d  u s i n g  c a l i p e r s  
a f t e r  i n c u b a t i o n .
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2.4 Colour Grouping Method for Actinomycetes
T h e  a c t i n o m y c e t e  i s o l a t e s  w e r e  g r o u p e d  a c c o r d i n g  t o  s p o r e ,  
s u b s t r a t e  m y c e l i u m  a n d  r e v e r s e  m y c e l i u m  c o l o u r  a s  w e l l  a s  c o l o u r  
o f  d i f f u s i b l e  p i g m e n t ,  i f  p r o d u c e d ,  o n  o a t m e a l  a g a r  ( K u s t e r ,  
1 9 5 9 ) .  T h i s  i s  a n  a d a p t i o n  o f  t h e  m e t h o d  o f  W i l l i a m s ,  D a v i e s  a n d  
H a l l  ( 1 9 6 9 )  w h i c h  a l s o  i n c l u d e s  t h e  p r o d u c t i o n  o f  m e l a n i n  o n  
p e p t o n e - i r o n  a g a r .  C o l o u r  g r o u p s  c o n t a i n i n g  i s o l a t e s  w h i c h  a r e  
i d e n t i c a l  w i t h  r e s p e c t  t o  a l l  c o l o u r  c h a r a c t e r i s t i c s  a r e  f o r m e d .  
I n  t h i s  w a y ,  t h e  c o l o u r  g r o u p i n g  m e t h o d  m a y  b e  u s e d  a s  a  s i m p l e  
m e t h o d  w i t h  w h i c h  t o  c l a s s i f y  t h e  i s o l a t e s .
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3. Multivariate Analyses used in this Study
T h e  p u r p o s e  o f  t h i s  s e c t i o n  i s  t o  p r o v i d e  a n  e x p l a n a t i o n  o f  
t h e  b a s i c  c o n c e p t s  b e h i n d  t h e  m u l t i v a r i a t e  a n a l y s i s  m e t h o d s  u s e d  
i n  t h i s  s t u d y .  F u r t h e r  i n f o r m a t i o n  m a y  b e  f o u n d  i n  t h e  a r t i c l e s  
b y  D u n n  a n d  E v e r i t t  ( 1 9 8 2 ) ,  K l e c k a  ( 1 9 8 0 )  a n d  C a u s t o n  ( 1 9 8 7 ) .  T h e  
o p e r a t i o n a l  s t a g e s  i n v o l v e d  i n  a p p l y i n g  t h e s e  a n a l y s e s  t o  t h e  
d a t a  c o l l e c t e d  f o r  t h i s  t h e s i s  a r e  d e s c r i b e d  i n  t h e  m e t h o d s  
s e c t i o n  o f  S e c t i o n  4  u n d e r  t h e  h e a d i n g  o f  4 . 2 . 1 3  D a t a  A n a l y s i s .
I n  t h e  p h y s i o l o g i c a l  a n d  n u t r i t i o n a l  s t u d y  o n  m i c r o o r g a n i s m s  
i s o l a t e d  f r o m  a g r i c u l t u r a l  s o i l  ( S e c t i o n  4 ) ,  p r i n c i p a l  c o m p o n e n t s  
a n a l y s i s ,  c l u s t e r  a n a l y s i s  a n d  d i s c r i m i n a n t  a n a l y s i s  w e r e  a p p l i e d  
t o  t h e  d a t a .  T h e  s i n g l e  m o s t  d i s t i n c t i v e  c h a r a c t e r i s t i c  o f  a l l  
t h e s e  a n a l y s e s  i s  t h e i r  d a t a  r e d u c t i o n  c a p a b i l i t y .  T h e s e  m e t h o d s  
e n a b l e  u s  t o  s e e  w h e t h e r  s o m e  u n d e r l y i n g  p a t t e r n  o f  r e l a t i o n s h i p s  
e x i s t s  i n  t h e  d a t a ,  s u c h  t h a t  t h e  d a t a  m a y  b e  ’ r e a r r a n g e d '  o r  
' r e d u c e d '  i n t o  a  s m a l l e r  s e t  o f  f a c t o r s  o r  c o m p o n e n t s  a c c o u n t i n g  
f o r  t h e  o b s e r v e d  i n t e r r e l a t i o n s  i n  t h e  d a t a .
3 . 1  P r i n c i p a l  C o m p o n e n t s  A n a l y s i s
W h e n  w e  h a v e  o n l y  t w o  v a r i a b l e s  d e s c r i b i n g  a  g r o u p  o f  
o r g a n i s m s  i t  i s  p o s s i b l e  t o  o b t a i n  a  v i s u a l  r e p r e s e n t a t i o n  o f  t h e  
i n f o r m a t i o n  b y  d r a w i n g  a  t w o  d i m e n s i o n a l  s c a t t e r p l o t  o f  t h e  r a w  
d a t a  ( o n e  v a r i a b l e  d e f i n i n g  t h e  o r d i n a t e ,  t h e  o t h e r  d e f i n i n g  t h e  
a b s c i s s a ) .  H o w e v e r ,  w h e n  i n f o r m a t i o n  i s  a v a i l a b l e  o n  a  l a r g e r  
n u m b e r  ( n )  v a r i a b l e s  i t  i s  i n c r e a s i n g l y  d i f f i c u l t  t o  v i s u a l i s e  a  
n - d i m e n s i o n a l  s c a t t e r p l o t  o f  t h e  o r i g i n a l  m e a s u r e m e n t s  ( t h e  v a l u e  
o f  n  i n  t h i s  s t u d y  w a s  4 3 ! ) .  P r i n c i p a l  c o m p o n e n t s  a n a l y s i s  
t r a n s f o r m s  t h e  d a t a  t o  a  s e t  o f  n  c o m p o s i t e  v e c t o r s  
( e i g e n v e c t o r s )  t h a t  a r e  u n c o r r e l a t e d  a n d  a r r a n g e d  i n  o r d e r  o f  
d e c r e a s i n g  v a r i a n c e  ( D u n n  a n d  E v e r i t t ,  1 9 8 2 ) .  T h e  f a c t  t h a t  t h e y  
a r e  c o m p o s i t e  m e a n s  t h a t  e a c h  v e c t o r  c o n t a i n s  i n f o r m a t i o n  f r o m  
e a c h  o f  t h e  v a r i a b l e s .  P l o t t i n g  t h e  p o i n t s  a l o n g  t h e  f i r s t  f e w  
p r i n c i p a l  c o m p o n e n t s  m a y  b e  v e r y  i n f o r m a t i v e ,  p a r t i c u l a r l y  w h e n  
t h e  f i r s t  f e w  p r i n c i p a l  c o m p o n e n t s  a c c o u n t  f o r  a  l a r g e  p r o p o r t i o n
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o f  t h e  v a r i a n c e  i n  t h e  o r i g i n a l  d a t a .  T h u s ,  a  t w o  d i m e n s i o n a l  
s c a t t e r p l o t  c a n  b e  d r a w n  o n  a x e s  w h i c h  r e p r e s e n t  a l l  o f  t h e  
o r i g i n a l  v a r i a b l e s .  I n  t h i s  w a y  a  c o n s i d e r a b l e  s i m p l i f i c a t i o n  o f  
t h e  o r i g i n a l  d a t a  i s  a c h i e v e d  w i t h  m i n i m u m  l o s s  o f  i n f o r m a t i o n .
3 . 2  C l u s t e r  A n a l y s i s
P r i n c i p a l  c o m p o n e n t s  a n a l y s i s  m a y  b e  v e r y  u s e f u l  f o r  
i n d i c a t i n g  u n d e r l y i n g  c o r r e l a t i o n s  w i t h i n  a  c o l l e c t i o n  o f  
o r g a n i s m s .  H o w e v e r ,  i t  d o e s  n o t  l e a d  t o  t h e  e x p l i c i t  s e p a r a t i o n  
o f  t h e  o r g a n i s m s  i n t o  g r o u p s .  F o r  t h i s  o n e  c a n  t u r n  t o  o n e  o f  
t h e  m a n y  a v a i l a b l e  m e t h o d s  o f  c l u s t e r  a n a l y s i s .
T h i s  s t u d y  m a d e  u s e  o f  a n  a g g l o m e r a t i v e  h i e r a r c h i c a l  
t e c h n i q u e  w h i c h  o p e r a t e s  o n  a n  i n t e r - s t r a i n  s i m i l a r i t y  m a t r i x .  
T h e  t e c h n i q u e s  a v a i l a b l e  d i f f e r  i n  t h e  m e t h o d  t h e y  u s e  t o  
c a l c u l a t e  t h e  s i m i l a r i t y  ( o r  p r o x i m i t y )  b e t w e e n  t h e  s t r a i n s  a n d  
t h e  c l u s t e r i n g  m e t h o d .  I n  t h i s  s t u d y  e i t h e r  E u c l i d e a n  d i s t a n c e  o r  
t h e  s i m p l e  m a t c h i n g  c o e f f i c i e n t  w e r e  u s e d  a s  m e a s u r e s  o f  
s i m i l a r i t y .
E u c l i d e a n  D i s t a n c e
E u c l i d e a n  d i s t a n c e  h a s  b e e n  w i d e l y  u s e d  i n  n u m e r i c a l  
t a x o n o m y  a n d  i s  a  f a m i l i a r  m e a s u r e  b e c a u s e  w e  l i v e  i n  a  l o c a l l y  
E u c l i d e a n  u n i v e r s e .  O u r  d a i l y  e x p e r i e n c e  g i v e s  u s  a n  i n t u i t i v e  
g r a s p  o f  E u c l i d e a n  d i s t a n c e s  a n d  t h e r e b y  e n a b l e s  u s  t o  u n d e r s t a n d  
t h e i r  p r o p e r t i e s  w i t h o u t  d i f f i c u l t y .  T h e  E u c l i d e a n  d i s t a n c e  
b e t w e e n  s t r a i n s  ( d j j * )  i s  d e r i v e d  f r o m  P y t h a g o r a s ’ t h e o r e m  a n d  i s  
g i v e n  b y  t h e  f o l l o w i n g  e x p r e s s i o n :
d i k  =  1  [ £  U i j  "  X k j ) 2 ] 1 / 2  
M  J
T h u s  i f  ( x i j ,  X k j )  a r e  t h e  c o o r d i n a t e s  o f  p o i n t s  i n  s p a c e ,  d ^ k 2  
w o u l d  b e  t h e  s q u a r e  o f  t h e  d i s t a n c e  b e t w e e n  t h e  p o i n t s ,  m e a s u r e d  
d i r e c t l y .  M o r e  g e n e r a l l y ,  d ^ j  d e n o t e s  h o w  c l o s e  t w o  c a s e s  a r e
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when measured in terms of all M variables taken together.
I f  t h e  v a r i a b l e s  a r e  s t a n d a r d i s e d  i n d e p e n d e n t  n o r m a l  
v a r i a t e s ,  t h e  e x p e c t e d  v a l u e  o f  t h e  d i s t a n c e  b e t w e e n  t w o  c a s e s  i s
2 .  T h i s  c a n  b e  a  u s e f u l  g u i d e  w h e n  d e c i d i n g  o n  t h e  b e s t  n u m b e r  o f  
c l u s t e r s ,  s i n c e  d i s t a n c e s  b e t w e e n  c l u s t e r s  w h i c h  a r e  s m a l l e r  t h a n  
2  c a n  b e  i n t e r p r e t e d  a s  l e s s  t h a n  t h e  e x p e c t e d  d i s t a n c e  o b t a i n e d  
b y  r a n d o m  s a m p l i n g .
T h e  S i m p l e  M a t c h i n g  C o e f f i c i e n t
T h e  s i m p l e  m a t c h i n g  c o e f f i c i e n t  h a s  a l s o  b e e n  w i d e l y  u s e d  i n  
n u m e r i c a l  t a x o n o m y  a n d  i s  s u i t a b l e  f o r  u s e  o n  b i n a r y  r a t h e r  t h a n  
c o n t i n u o u s  d a t a .  I t  t a k e s  i n t o  a c c o u n t  b o t h  p o s i t i v e  a n d  n e g a t i v e  
m a t c h e s  ( i e .  1 , 1  a n d  0 , 0 ) .  I t  i s  d e f i n e d  a s
s i k  =  A + D  
M
w h e r e  A  i s  t h e  n u m b e r  o f  p o s i t i v e  m a t c h e s  f o r  c a s e s  i  a n d  k ,  D  i s  
t h e  n u m b e r  o f  n e g a t i v e  m a t c h e s  f o r  c a s e s  i  a n d  k ,  a n d  M  i s  t h e  
t o t a l  n u m b e r  o f  b i n a r y  a t t r i b u t e s .  B e c a u s e  t h e  s i m p l e  m a t c h i n g  
c o e f f i c i e n t  i s  e q u a l  t o  1 - d ,  ( w h e r e  d  i s  t h e  b i n a r y  s q u a r e d  
E u c l i d e a n  d i s t a n c e  c o e f f i c i e n t )  t h e  r e s u l t s  o b t a i n e d  w i t h  m o s t  
m e t h o d s  a r e  c o m p a r a b l e  w i t h  t h o s e  f o r  d i s t a n c e s .
C l u s t e r i n g  M e t h o d s
O n c e  t h e  p r o x i m i t y  m a t r i x  i s  c a l c u l a t e d ,  c l u s t e r i n g  c a n  
b e g i n .  I n i t i a l l y ,  e a c h  s t r a i n  i s  c o n s i d e r e d  t o  b e  a  s e p a r a t e  
s i n g l e - m e m b e r  ’ c l u s t e r ' .  T h e  t w o  s t r a i n s  h a v i n g  t h e  h i g h e s t  
s i m i l a r i t y  ( o r  s m a l l e s t  d i s t a n c e )  a r e  t h e n  g r o u p e d  t o g e t h e r  a n d  
p r o x i m i t i e s  b e t w e e n  e a c h  o f  t h e  r e m a i n i n g  s t r a i n s  a n d  t h i s  t w o -  
m e m b e r e d  c l u s t e r  a r e  r e c a l c u l a t e d  u n t i l  a l l  s t r a i n s  a r e  c o m b i n e d  
i n t o  a  s i n g l e  c l u s t e r .  T h e  t h r e e  m o s t  c o m m o n l y  u s e d  c l u s t e r i n g  
m e t h o d s  a r e  d e s c r i b e d  b e l o w .
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1 •  S i n g l e - l i n k a g e  ( n e a r e s t  n e i g h b o u r )  c l u s t e r i n g :  T h i s  i s  t h e
s i m p l e s t  m e t h o d  o f  c l u s t e r i n g  a n d  i t  d e f i n e s  t h e  s i m i l a r i t y  
( d i s s i m i l a r i t y )  b e t w e e n  t w o  c l u s t e r s  o f  s t r a i n s  a s  t h a t  o f  
t h e i r  m o s t  s i m i l a r  ( l e a s t  d i s s i m i l a r )  p a i r ,  w h e r e  o n l y  p a i r s  
c o n s i s t i n g  o f  o n e  s t r a i n  f r o m  e a c h  g r o u p  a r e  c o n s i d e r e d  
( S n e a t h ,  1 9 5 7 b ) .
2 .  C o m p l e t e - L i n k a g e  ( f u r t h e s t  n e i g h b o u r ) :  T h i s  i s  t h e  e x a c t  
o p p o s i t e  o f  ( 1 )  w i t h  p r o x i m i t y  b e t w e e n  g r o u p s  d e f i n e d  a s  t h a t  
b e t w e e n  t h e  m o s t  r e m o t e  p a i r  o f  i n d i v i d u a l s ,  o n e  f r o m  e a c h  
g r o u p  ( S o k a l  a n d  S n e a t h ,  1 9 6 3 ) .
3 .  G r o u p - A v e r a g e  c l u s t e r i n g  ( U P G M A ) :  T h i s  m e t h o d  d e f i n e s  t h e
p r o x i m i t y  b e t w e e n  c l u s t e r s  a s  t h e  a v e r a g e  o f  t h e  p r o x i m i t i e s  
b e t w e e n  a l l  p a i r s  o f  i n d i v i d u a l s  t h a t  a r e  m a d e  u p  o f  o n e  
i n d i v i d u a l  f r o m  e a c h  g r o u p  ( S o k a l  a n d  M i c h e n e r ,  1 9 5 8 ) .  T h e  
a b b r e v i a t i o n  U P G M A  s t a n d s  f o r  u n w e i g h t e d  p a i r - g r o u p  m e t h o d  
w i t h  a v e r a g e s .
3 . 3  D i s c r i m i n a n t  A n a l y s i s
D i s c r i m i n a n t  a n a l y s i s  i s  a  m e t h o d  f o r  d e t e r m i n i n g  w h i c h  
c h a r a c t e r i s t i c s  a r e  i m p o r t a n t  i n  d i s t i n g u i s h i n g  m e m b e r s  o f  
d i f f e r e n t  g r o u p s  a n d  d e t e r m i n i n g  t h e  a c c u r a c y  o f  d i s t i n c t i o n  
( K l e i n b a u m  a n d  K u p p e r ,  1 9 7 8 ) .  T h i s  i s  a c h i e v e d  b y  c h o o s i n g  a  
l i n e a r  f u n c t i o n  o f  t h e  c h a r a c t e r s  t h a t  h a s  t h e  g r e a t e s t  v a r i a n c e  
b e t w e e n  t h e  g r o u p s  r e l a t i v e  t o  t h e  v a r i a n c e  w i t h i n  t h e  g r o u p s .  
D i s c r i m i n a n t  a n a l y s i s  d i f f e r s  f r o m  c l u s t e r  a n a l y s i s  i n  t h a t  i n  
t h e  f o r m e r  t h e  g r o u p s  a r e  d e f i n e d  i n  a d v a n c e  b y  t h e  o p e r a t o r  
w h e r e a s  c l u s t e r  a n a l y s i s  f o r m s  t h e  g r o u p s  i t s e l f ,  d u r i n g  
c l u s t e r i n g .
W h e r e  d i s c r i m i n a n t  a n a l y s i s  i s  a p p l i e d  t o  m o r e  t h a n  t w o  
g r o u p s  i t  i s  k n o w n  a s  c a n o n i c a l  v a r i a t e  a n a l y s i s  ( D u n n  a n d  
E v e r i t t ,  1 9 8 2 ) .  C a n o n i c a l  v a r i a t e  a n a l y s i s  i s  s i m i l a r  i n  c e r t a i n  
r e s p e c t s  t o  p r i n c i p a l  c o m p o n e n t s  a n a l y s i s .  A g a i n ,  t r a n s f o r m e d  
a x e s  a r e  s o u g h t  b u t  t h e  f i r s t  a x i s  i s  r e q u i r e d  t o  b e  i n  t h e
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d i r e c t i o n  o f  g r e a t e s t  v a r i a b i l i t y  b e t w e e n  t h e  g r o u p s  r e l a t i v e  t o  
t h e  v a r i a b i l i t y  w i t h i n  t h e  g r o u p s .  T h e  s e c o n d  a x i s  i s  c h o s e n  t o  
b e  o r t h o g o n a l  t o  t h e  f i r s t  a n d  i n c l i n e d  i n  t h e  d i r e c t i o n  o f  n e x t  
g r e a t e s t  v a r i a b i l i t y ;  s i m i l a r l y  f o r  t h e  t h i r d  a n d  s u b s e q u e n t  
a x e s .  I n t e r p r e t a t i o n  o f  m u l t i p l e  c a n o n o n i c a l  f u n c t i o n s  b e c o m e s  
e x t r e m e l y  c o m p l e x .  F o r  t h i s  r e a s o n ,  i t  i s  u s u a l l y  p r e f e r a b l e  t o  
u s e  d i s c r i m i n a n t  a n a l y s i s  t o  m a k e  c o m p a r i s o n s  b e t w e e n  o n l y  t w o  
g r o u p s .  H o w e v e r ,  c a n o n i c a l  v a r i a t e  a n a l y s i s  m a y  b e  u s e f u l  i n  
o r d e r  t o  o b t a i n  a  s c a t t e r p l o t  o f  t h e  d a t a  i n  a  s i m i l a r  w a y  t o  
p r i n c i p a l  c o m p o n e n t s  a n a l y s i s .
I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e r e  a r e  t w o  m e t h o d s  b y  w h i c h  
i n d e p e n d e n t  v a r i a b l e s  a r e  s e l e c t e d  f o r  i n c l u s i o n  i n  d i s c r i m i n a n t  
a n a l y s i s .  A l l  i n d e p e n d e n t  v a r i a b l e s  m a y  b e  e n t e r e d  c o n c u r r e n t l y  
o r  v a r i a b l e s  m a y  b e  e n t e r e d  i n  a  s t e p w i s e  f a s h i o n .  I n  t h e  l a t t e r  
c a s e ,  v a r i a b l e s  a r e  s e l e c t e d  f o r  e n t r y  o n  t h e  b a s i s  o f  t h e i r  
d i s c r i m i n a t o r y  p o w e r .  I n  m a n y  c a s e s  t h e  f u l l  s e t  o f  v a r i a b l e s  
c o n t a i n s  e x c e s s  i n f o r m a t i o n  a b o u t  g r o u p  d i f f e r e n c e s  ( i e .  t h e y  a r e  
n o t  t o t a l l y  i n d e p e n d e n t ) ,  o r  p e r h a p s  s o m e  o f  t h e  v a r i a b l e s  m a y  
n o t  b e  v e r y  u s e f u l  i n  d i s c r i m i n a t i n g  a m o n g  g r o u p s  a n d  m a y  e v e n  
l e a d  t o  a n  i n c r e a s e d  n u m b e r  o f  m i s c l a s s i f i c a t i o n s .  U s i n g  t h e  
s t e p w i s e  p r o c e d u r e ,  w e a k  o r  r e d u n d a n t  v a r i a b l e s  a r e  e l i m i n a t e d  
f r o m  t h e  a n a l y s i s  w h e n  t h e y  n o  l o n g e r  m a k e  a  s u f f i c i e n t  
c o n t r i b u t i o n  t o  t h e  d i s c r i m i n a n t  f u n c t i o n ,  a l t h o u g h  t h e y  r e m a i n  
e l i g i b l e  f o r  r e s e l e c t i o n  a t  a  f u t u r e  s t e p .  I t  i s  w o r t h  p o i n t i n g  
o u t  t h a t  t h e  s e q u e n c e  i n  w h i c h  t h e  v a r i a b l e s  a r e  s e l e c t e d  d o e s  
n o t  n e c e s s a r i l y  c o i n c i d e  w i t h  t h e i r  r e l a t i v e  i m p o r t a n c e .  B e c a u s e  
o f  i n t e r c o r r e l a t i o n s ,  a n  i m p o r t a n t  d i s c r i m i n a t o r  m a y  b e  s e l e c t e d  
l a t e  o r  n o t  a t  a l l ,  b e c a u s e  i t s  u n i q u e  c o n t r i b u t i o n s  a r e  n o t  a s  
g r e a t  a s  t h e  o t h e r  v a r i a b l e s .  A  s t e p w i s e  p r o c e d u r e ,  t h e r e f o r e ,  
m a y  n o t  g i v e  t h e  b e s t  ( m a x i m a l )  s o l u t i o n .  H o w e v e r ,  s t e p w i s e  
p r o c e d u r e s  a r e  t h e  m o s t  l o g i c a l  a n d  e f f i c i e n t  w a y  o f  p r o d u c i n g  a n  
o p t i m a l  s e t  o f  d i s c r i m i n a t i n g  v a r i a b l e s .  T o  s e c u r e  a  m a x i m a l  
s o l u t i o n ,  o n e  w o u l d  h a v e  t o  t e s t  a l l  p o s s i b l e  p a i r s ,  a l l  p o s s i b l e  
t r i p l e t s ,  a n d  s o  o n .  T h i s  p r o c e d u r e  i s  n o t  c a r r i e d  o u t  i n  
p r a c t i c e  b y  d i s c r i m i n a n t  a n a l y s i s  s o f t w a r e  p a c k a g e s .
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S t e p w i s e  p r o c e d u r e s  m u s t  e m p l o y  s o m e  m e a s u r e  o f  
d i s c r i m i n a t i o n  a s  a  c r i t e r i o n  f o r  s e l e c t i o n  o f  e a c h  v a r i a b l e .  
T h e r e  a r e  s e v e r a l  s t e p w i s e  m e t h o d s  a v a i l a b l e ,  e a c h  u s i n g  a  
d i f f e r e n t  c r i t e r i o n  t o  s e p a r a t e  t h e  d i f f e r e n t  g r o u p s .  I n  a l l  o f  
t h e  a n a l y s e s  c a r r i e d  o u t  i n  t h i s  s t u d y  R a o ' s  V  w a s  u s e d .  R a o ' s  V  
s e e k s  t o  m a x i m i s e  t h e  M a h a l o n o b i s  d i s t a n c e *  b e t w e e n  g r o u p s  ( N i e  
e t  a l . ,  1 9 7 0 ) .  T h i s  m e a s u r e  h a s  t h e  e f f e c t  o f  m a x i m i s i n g  t h e  
s e p a r a t i o n  b e t w e e n  g r o u p  c e n t r o i d s  w i t h o u t  n e c e s s a r i l y  i n c r e a s i n g  
c o h e s i v e n e s s  w i t h i n  t h e  g r o u p s .  T h i s  d i f f e r s  f r o m  o t h e r  m e a s u r e s  
s u c h  a s  W i l k ' s  l a m b d a  a n d  t h e  P a r t i a l  F  r a t i o  w h i c h  i n c r e a s e  
g r o u p  c o h e s i v e n e s s  w i t h o u t  n e c e s s a r i l y  c h a n g i n g  t h e  s e p a r a t i o n  
b e t w e e n  g r o u p  c e n t r o i d s  ( N i e  e t  a l . ,  1 9 7 0 ) .  O t h e r  m e a s u r e s  
i n c l u d e  t h e  M i n i m u m  R e s i d u a l  V a r i a n c e  w h i c h  p r o m o t e s  e q u a l  
s e p a r a t i o n  b e t w e e n  g r o u p s ;  B e t w e e n  G r o u p s  F  w h e r e  c o m p a r i s o n s  
b e t w e e n  s m a l l  g r o u p s  a r e  g i v e n  l e s s  w e i g h t ;  a n d  t h e  M a h a l o n o b i s  
S q u a r e d  D i s t a n c e  w h e r e  v a r i a b l e s  a r e  s e l e c t e d  w h i c h  g e n e r a t e  t h e  
g r e a t e s t  s e p a r a t i o n  f o r  t h e  p a i r  o f  g r o u p s  w h i c h  a r e  c l o s e s t  a t  
t h a t  s t e p .  I n  t h i s  w o r k ,  w h e r e  d i s c r i m i n a n t  a n a l y s i s  w a s  u s e d  t o  
f i n d  s u i t a b l e  p a r a m e t e r s  f o r  t h e  d e s i g n  o f  s e l e c t i v e  i s o l a t i o n  
m e d i a ,  i t  w a s  f e l t  t h a t  R a o ’ s  V  w a s  t h e  m o s t  a p p r o p r i a t e  s t e p w i s e  
s t a t i s t i c  t o  e m p l o y .  T h i s  i s  b e c a u s e  m a x i m i z a t i o n  o f  g r o u p  
s e p a r a t i o n  w o u l d  h a v e  a n  o p t i m a l  e f f e c t  o n  m e d i u m  s e l e c t i v i t y .  
I n c r e a s i n g  g r o u p  c o h e s i v e n e s s  w o u l d  n o t  n e c e s s a r i l y  b e  j u s t i f i e d  
s i n c e  t h e  g r o u p  m e m b e r s  ( w h i c h  w e r e  k n o w n  t o  b e  a t  l e a s t  
m o r p h o l o g i c a l l y  d i s t i n c t )  w e r e  n o t  e x p e c t e d  t o  b e  c l o s e l y  
r e l a t e d .  I n  c o n t r a s t ,  f o r  n u m e r i c a l  t a x o n o m y  a n  i n c r e a s e  i n  
c o h e s i v e n e s s  w i t h i n  g r o u p s  m a y  b e  d e s i r a b l e .
*  M a h a l o n o b i s  d i s t a n c e  i s  a  d i s t a n c e  m e a s u r e  t h a t  i n c o r p o r a t e s  
i n f o r m a t i o n  o n  i n t r a - c a s e  v a r i a t i o n .  I f  c o r r e l a t i o n s  b e t w e e n  
c h a r a c t e r s  a r e  s l i g h t  t h e n  i t  i s  s i m i l a r  t o  E u c l i d e a n  d i s t a n c e .
51
A n  e x a m p l e  o f  t h e  o u t p u t  f r o m  d i s c r i m i n a n t  a n a l y s i s  i s  s h o w n  
i n  F i g u r e  3 . 1 .  A  l i s t  o f  t h e  m o s t  d i s c r i m i n a t i n g  v a r i a b l e s  i s  
p r o d u c e d ,  t o g e t h e r  w i t h  a  l i s t  o f  s t a n d a r d i z e d  d i s c r i m i n a n t  
f u n c t i o n  c o e f f i c i e n t s .  E a c h  c o e f f i c i e n t  r e p r e s e n t s  t h e  r e l a t i v e  
c o n t r i b u t i o n  o f  i t s  a s s o c i a t e d  v a r i a b l e  t o  t h a t  f u n c t i o n .  H e n c e ,  
i t  m a y  b e  u s e d  a s  a  m e a s u r e  o f  t h e  d i s c r i m i n a t o r y  p o w e r  o f  t h a t  
v a r i a b l e  w i t h i n  t h e  f u n c t i o n .
F i g u r e  3 . 1  E x a m p l e  o f  d i s c r i m i n a n t  a n a l y s i s  o u t p u t  f r o m  c o m p u t e r :
T h e  c o r r e s p o n d i n g  d i s c r i m i n a t i n g  f u n c t i o n  i s  c o m p o s e d  o f  a  l i n e a r  
c o m b i n a t i o n  o f  t h e  d i s c r i m i n a t i n g  v a r i a b l e s  a n d  t h e i r  a s s o c i a t e d  
d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s ,  a n d  i s  t h u s  g i v e n  b y :
F o r  e a c h  c a s e  ( e g .  e a c h  t e s t  o r g a n i s m ) ,  t h e  v a l u e  o f  t h e  
d i s c r i m i n a n t  f u n c t i o n  m a y  b e  c a l c u l a t e d .  I f  o n l y  o n e  d i s c r i m i n a n t  
f u n c t i o n  i s  c a l c u l a t e d ,  a  v i s u a l  r e p r e s e n t a t i o n  o f  t h e  s e p a r a t i o n  
b e t w e e n  c a s e s  m a y  b e  o b t a i n e d  b y  d r a w i n g  a  h i s t o g r a m  o f  t h e  c a s e s  
a g a i n s t  t h e  v a l u e  o f  t h e  d i s c r i m i n a n t  f u n c t i o n .  I f  m o r e  t h a n  o n e  
d i s c r i m i n a n t  f u n c t i o n  i s  c a l c u l a t e d  ( i e .  w h e n  m o r e  t h a n  t w o  
g r o u p s  a r e  d e f i n e d  f o r  d i s c r i m i n a t i o n )  a  s c a t t e r  d i a g r a m  m a y  b e  
d r a w n  u s i n g  t h e  v a l u e s  o f  t h e  f i r s t  t w o  d i s c r i m i n a n t  f u n c t i o n s  a s  
c o o r d i n a t e s .  D i s c r i m i n a n t  a n a l y s i s  m a y  a l s o  b e  u s e d  t o  c l a s s i f y  a  
s a m p l e  i n  w h i c h  a c t u a l  g r o u p  m e m b e r s h i p  i s  u n k n o w n .  T h i s  i s  
a c c o m p l i s h e d  b y  c a l c u l a t i n g  t h e  v a l u e  o f  t h e  d i s c r i m i n a n t  
f u n c t i o n  f o r  t h e  u n k n o w n  c a s e .  I f  t h i s  v a l u e  i s  f o u n d  t o  l i e  
w i t h i n  t h e  r a n g e  o f  v a l u e s  f o r  a  p a r t i c u l a r  g r o u p  t h e  u n k n o w n  m a y  
b e  c l a s s i f i e d  w i t h i n  t h a t  g r o u p .
D i s c r i m i n a n t
F u n c t i o n
C o e f f i c i e n t
D i s c r i m i n a t i n g
V a r i a b l e
0 . 4 1
0 . 1 0
- 0 . 1 5
0 . 3 5
- 0 . 2 7
- 0 . 0 5
G r o w t h  o n  g l u c o s e  ( A )  
G r o w t h  a t  3 0 °  C  ( B )
G r o w t h  o n  s t a r c h  ( C )  
T o l e r a n c e  o f  3 %  s a l t  ( D )  
G r o w t h  o n  t h r e o n i n e  ( E )  
T o l e r a n c e  o f  p h e n o l  ( F )
0 . 4 1 A  +  0 . 1 0 B  -  0 . 1 5 C  +  0 . 3 5 D  -  0 . 2 7 E  -  0 . 0 5 F
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4 .  N u t r i t i o n a l  a n d  P h y s i o l o g i c a l  S t u d y  o f  a  M i c r o b i a l
P o p u l a t i o n  f r o m  a n  A g r i c u l t u r a l  S o i l
4 . 1  I n t r o d u c t i o n
T h e  a i m  o f  t h i s  s t u d y  w a s  t o  i d e n t i f y ,  o n  a  r a t i o n a l  b a s i s ,  
s e l e c t i v e  c o n d i t i o n s  f o r  t h e  i s o l a t i o n  o f  a c t i n o m y c e t e s  c a p a b l e  
o f  a n t i b i o t i c  p r o d u c t i o n .  T h i s  w o r k  h a s  i n v o l v e d  t h e  
q u a n t i t a t i v e  c o m p a r i s o n  o f  t h e  r e s p o n s e s ,  i n  p u r e  c u l t u r e ,  o f  
a c t i n o m y c e t e s ,  e u b a c t e r i a  a n d  f u n g i  t o  s p e c i f i c  n u t r i t i o n a l  a n d  
p h y s i o l o g i c a l  t e s t s .  T h e  t e s t  o r g a n i s m s ,  w h i c h  i n c l u d e d  a  n u m b e r  
o f  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s ,  w e r e  r e p r e s e n t a t i v e s  o f  a  
p o p u l a t i o n  f r o m  a  s i n g l e  h a b i t a t .
T h e  n u t r i t i o n a l  a n d  p h y s i o l o g i c a l  t e s t s  w e r e  c h o s e n  o n  t h e  
b a s i s  o f  p o s s i b l e  e c o l o g i c a l  i m p o r t a n c e  i n  s o i l  e n v i r o n m e n t s  ( e g .  
d e g r a d a t i o n  o f  h u m i c  a c i d  a n d  c e l l u l o s e ) ,  s i g n i f i c a n c e  i n  
a n t i b i o t i c  f o r m a t i o n  ( e g .  g r o w t h  o n  a m i n o  a c i d s ,  t o l e r a n c e  o f  
c o b a l t  a n d  o t h e r  m e t a l  i o n s )  a n d  w i t h  e x i s t i n g  s e l e c t i v e  
i s o l a t i o n  m e d i a  f o r  a c t i n o m y c e t e s  i n  m i n d  ( e g .  g r o w t h  o n  s t a r c h  
a n d  p r o p i o n a t e ) .  T h e  r e s u l t s  o f  t h e  t e s t s  w e r e  s u b j e c t e d  t o  
a n a l y s i s  u s i n g  t h e  C L U S T A N  a n d  S P S S X  c o m p u t e r  p a c k a g e s .  T h i s  
e n a b l e d  s e l e c t i v e  m e d i a  t o  b e  d e s i g n e d  o n  a  l o g i c a l  b a s i s .
A n t i b i o t i c  r e s i s t a n c e  t e s t s ,  w h i c h  h a v e  f o r m e d  t h e  b a s i s  o f  
c o m p u t e r  d e s i g n e d  i s o l a t i o n  m e d i a  i n  t h e  p a s t ,  w e r e  c a r r i e d  o u t  
b u t  n o t  i n c l u d e d  i n  t h e  i n i t i a l  a n a l y s i s  a s  i t  w a s  f e l t  t h a t  t h e  
p o s s i b i l i t y  o f  a c h i e v i n g  s e l e c t i v i t y  w i t h o u t  t h e  u s e  o f  
a n t i b i o t i c s  m e r i t e d  i n v e s t i g a t i o n .  I n  t h e  d e s i g n  o f  g e n e r a l  
p u r p o s e  i s o l a t i o n  m e d i a ,  a n t i b i o t i c  a d d i t i o n s  a r e  b e s t  a v o i d e d  a s  
t h e y  t e n d  t o  b e  s e l e c t i v e  f o r  o n l y  a  v e r y  n a r r o w  r a n g e  o f  
o r g a n i s m s .  T h e  r e s u l t s  o f  t h e  a n t i b i o t i c  r e s i s t a n c e  t e s t s  a r e  
d e s c r i b e d  i n  S e c t i o n  5 .
A l t h o u g h  i s o l a t i o n  m e d i a  f o r  a c t i n o m y c e t e s  h a v e  b e e n  
d e s i g n e d  w i t h  t h e  a i d  o f  n u m e r i c a l  m e t h o d s  i n  t h e  p a s t  
( W e l l i n g t o n  a n d  C r o s s ,  1 9 8 2 ;  V i c k e r s ,  W i l l i a m s  a n d  R o s s ,  1 9 8 4 ) ,
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n o t a b l y  b a s e d  o n  i n f o r m a t i o n  f r o m  t a x o n o m i c  s t u d i e s ,  t h i s  i s  t h e  
f i r s t  t i m e  t h a t  i n f o r m a t i o n  c o n c e r n i n g  o t h e r  m e m b e r s  o f  t h e  s o i l  
p o p u l a t i o n  h a s  b e e n  i n c l u d e d .  T h i s  i s  i m p o r t a n t  b e c a u s e  
e u b a c t e r i a  a r e  f r e q u e n t l y  t r o u b l e s o m e  o n  s o i l  d i l u t i o n  p l a t e s  a s  
t h e y  a r e  o f t e n  p r e s e n t  i n  l a r g e r  n u m b e r s  t h a n  a c t i n o m y c e t e s  a n d  
t e n d  t o  o u t g r o w  t h e m .  F u n g i  m a y  a l s o  b e  a  p r o b l e m  i f  a n t i f u n g a l s  
a r e  n o t  i n c o r p o r a t e d  i n t o  t h e  m e d i u m .  O m i s s i o n  o f  d a t a  c o n c e r n i n g  
a  l a r g e  p o r t i o n  o f  t h e  n a t u r a l  p o p u l a t i o n  w i l l  i n e v i t a b l y  l e a d  t o  
a n  u n r e l i a b l e  m o d e l  f o r  t h e  d e s i g n  o f  i s o l a t i o n  m e d i a .  A n o t h e r  
p r o b l e m  w i t h  t h e  u s e  o f  i n f o r m a t i o n  f r o m  t a x o n o m i c  d a t a b a s e s  f o r  
m e d i u m  d e s i g n  i s  t h a t ,  a l t h o u g h  t h e y  r e p r e s e n t  a  r e a d y - m a d e  
' m i n e '  o f  i n f o r m a t i o n ,  m a n y  o f  t h e  t e s t s ,  s u c h  a s  a s  s p o r e  c o l o u r  
o b s e r v a t i o n s  e t c . ,  m a y  n o t  b e  a p p l i c a b l e  t o  t h e  d e s i g n  o f  n e w  
m e d i a .  T h e  f u n d a m e n t a l  c r i t e r i o n  f o r  s e l e c t i o n  o f  t e s t s  f o r  t h i s  
n u t r i t i o n a l  a n d  p h y s i o l o g i c a l  s t u d y  w a s  t h a t  t h e  p a r a m e t e r  m a y  b e  
e a s i l y  a p p l i e d  t o  t h e  d e s i g n  o f  s e l e c t i v e  i s o l a t i o n  c o n d i t i o n s .
A  f u r t h e r  n o v e l  d e v e l o p m e n t  i n  t h i s  w o r k  w a s  t h a t  a n  
i n v e s t i g a t i o n  o f  t h e  e x t e n t  t o  w h i c h  a n t i b i o t i c - p r o d u c i n g  
a c t i n o m y c e t e s  c o u l d  b e  s e l e c t e d  a t  t h e  i s o l a t i o n  s t a g e  w a s  m a d e .  
T h e r e  a r e  s e v e r a l  r e a s o n s  w h y  i s o l a t i o n  m e t h o d s  a r e  g e n e r a l l y  n o t  
t a r g e t e d  d i r e c t l y  t o w a r d  a n t i b i o t i c - p r o d u c i n g  m e m b e r s  o f  n a t u r a l  
p o p u l a t i o n s .  O u r  l a c k  o f  k n o w l e d g e  c o n c e r n i n g  t h e  r o l e  o f  
a n t i b i o t i c  p r o d u c t i o n ,  a n d  t h e  d i s t r i b u t i o n  o f  p r o d u c i n g  
o r g a n i s m s  i n  n a t u r e  h a s  b e e n  r e s p o n s i b l e  f o r  t h e  l a r g e l y  
u n d i r e c t e d  a p p r o a c h  t o  t h e  s e a r c h  f o r  n o v e l  a n t i b i o t i c - p r o d u c i n g  
s t r a i n s .  F u r t h e r m o r e ,  t h e  m e t a b o l i s m  o f  a n t i b i o t i c - p r o d u c i n g  
s t r a i n s  h a s  b e e n  s t u d i e d  i n  d e t a i l  i n  r e l a t i v e l y  f e w  i n s t a n c e s .  
A l s o ,  i t  i s  n o t  c l e a r  w h e t h e r  a n t i b i o t i c  p r o d u c t i o n  c o n f e r s  a  
c o m p e t i t i v e  a d v a n t a g e  o n  t h e  p r o d u c i n g  o r g a n i s m .
I s o l a t i o n  m e d i u m  d e s i g n  f o r  a c t i n o m y c e t e s  i n  t h e  p a s t  h a s  
n o r m a l l y  b e e n  a i m e d  t o w a r d s  p a r t i c u l a r  t a x o n o m i c  g r o u p s  
( W e l l i n g t o n  a n d  C r o s s ,  1 9 8 2 )  o r  a g a i n s t  p a r t i c u l a r l y  c o m m o n  
t a x o n o m i c  g r o u p s  ( V i c k e r s  e t  a l . ,  1 9 8 4 ) .  I n  t h i s  s t u d y  t h e  
t a x o n o m i c  d e s i g n a t i o n  o f  t h e  a c t i n o m y c e t e  i s o l a t e s  w a s  n o t  
c o n s i d e r e d  o f  p r i m a r y  i m p o r t a n c e  ( a l t h o u g h  t h e  m a j o r i t y  o f
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a c t i n o m y c e t e  s t r a i n s  i n c l u d e d  i n  t h e  s t u d y  w e r e  k n o w n  t o  b e  
s t r e p t o m y c e t e s ) .  H o w e v e r ,  t h e  a b i l i t y  t o  p r o d u c e  a n t i b i o t i c  
s u b s t a n c e s  a g a i n s t  a  r a n g e  o f  c h a l l e n g e  o r g a n i s m s  w a s  u t i l i s e d  a s  
a  c r i t e r i o n  f o r  t h e  d e s i g n  o f  n o v e l  i s o l a t i o n  m e d i a  a n d  
e n r i c h m e n t  t e c h n i q u e s .  F o r  s e v e r a l  r e a s o n s ,  w h i c h  w e r e  o u t l i n e d  
i n  t h e  i n t r o d u c t i o n  ( S e c t i o n  1 ) ,  t a x o n o m i c  c r i t e r i a  m a y  n o t  b e  
a p p r o p r i a t e  t o  t h e  s e a r c h  f o r  n o v e l  a n t i b i o t i c - p r o d u c i n g  s t r a i n s .  
F i r s t l y ,  o b s e r v a t i o n s  c o n c e r n i n g  t h e  d i s t r i b u t i o n  o f  a n t i b i o t i c  
p r o d u c e r s  t h r o u g h o u t  d i f f e r e n t  t a x o n o m i c  g r o u p s  l e a d  t o  t h e  
c o n c l u s i o n  t h a t  a n t i b i o t i c  p r o d u c t i o n  i s  n o t  r e s t r i c t e d  t o  n a r r o w  
t a x o n o m i c  g r o u p s .  F u r t h e r m o r e ,  t h e  a b i l i t y  t o  p r o d u c e  a n t i b i o t i c s  
i s  s t r a i n  s p e c i f i c  r a t h e r  t h a n  s p e c i e s  s p e c i f i c .  T h e r e f o r e ,  o n e  
c a n n o t  a s s u m e  t h a t  o r g a n i s m s  t h a t  a r e  c l o s e l y  r e l a t e d  
t a x o n o m i c a l l y  w i l l  p r o d u c e  c l o s e l y  r e l a t e d  s e c o n d a r y  m e t a b o l i t e s  
o r  w i l l  e v e n  p r o d u c e  s e c o n d a r y  m e t a b o l i t e s  a t  a l l .  A l s o ,  w e  k n o w  
t h a t  i n d i v i d u a l  i s o l a t e s  m a y  p r o d u c e  s e v e r a l  d i f f e r e n t  
a n t i b i o t i c s ,  a n d  c o n v e r s e l y  t h e  s a m e  a n t i b i o t i c  m a y  b e  p r o d u c e d  
b y  w i d e l y  d i f f e r e n t  t a x a .  F o r  e x a m p l e ,  p e n i c i l l i n  i s  p r o d u c e d  b y  
t h e  f u n g u s  P e n i c i l l i u m  ( a  e u k a r y o t e )  a n d  b y  m e m b e r s  o f  t h e  g e n u s  
S t r e p t o m y c e s  ( p r o k a r y o t e s ) .  T h e s e  o b s e r v a t i o n s  m a k e  w h a t  m i g h t  
s e e m  a  s y s t e m a t i c  s e a r c h  f o r  a n t i b i o t i c s  a m o n g s t  p a r t i c u l a r  
t a x o n o m i c  g r o u p s  r a t h e r  h a p h a z a r d  i n  r e a l i t y .
A  f u r t h e r  a s p e c t  o f  t h i s  s t u d y  w a s  t h a t ,  d u r i n g  t h e  a n a l y s i s  
o f  t h e  n u t r i t i o n a l  a n d  p h y s i o l o g i c a l  t e s t  r e s u l t s ,  a  c o m p a r i s o n  
w a s  m a d e  b e t w e e n  t h e  u s e  o f  e i t h e r  c o n t i n u o u s  g r o w t h  m e a s u r e m e n t s  
o r  b i n a r y  g r o w t h  m e a s u r e m e n t s  ( i e .  g r o w t h  o r  n o  g r o w t h ) .  T h e  
m a j o r i t y  o f  s t u d i e s  o f  t h i s  t y p e  h a v e  e m p l o y e d  b i n a r y  d a t a  o n l y .  
I t  w a s  f e l t  t h a t  i n  o r d e r  t o  g a i n  d i s c r i m i n a t i o n  b e t w e e n  
e u b a c t e r i a  a n d  a c t i n o m y c e t e s ,  a s  w e l l  a s  b e t w e e n  a n t i b i o t i c -  
p r o d u c e r i n g  a n d  n o n - p r o d u c e r i n g  s t r a i n s  a  m o r e  q u a n t i t a t i v e  
g r o w t h  m e a s u r e m e n t  m a y  b e  r e q u i r e d .
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4.2 Materials and Methods
4 . 2 . 1  O r g a n i s m s
M i c r o o r g a n i s m s  f o r  u s e  i n  t h i s  s t u d y  w e r e  i s o l a t e d  f r o m  a  
s a n d y  a g r i c u l t u r a l  s o i l  b y  u s i n g  a  s t a n d a r d  m e t h o d  f o r  d i l u t i o n  
p l a t i n g  o f  s o i l  s a m p l e s  ( b o t h  t h e  s o i l  a n d  t h e  d i l u t i o n  p l a t i n g  
m e t h o d  a r e  d e s c r i b e d  i n  t h e  g e n e r a l  m e t h o d s  s e c t i o n ,  S e c t i o n  2 ) .  
T h e  s o i l  s a m p l e  w a s  c o l l e c t e d  i n  a u t u m n  a n d  t h e  p H  w a s  7 . 2 .
4 . 2 . 2  I s o l a t i o n  M e d i a
I s o l a t i o n  o f  m i c r o o r g a n i s m s  f o r  t h e  n u t r i t i o n a l  a n d  
p h y s i o l o g i c a l  s t u d y  w a s  c a r r i e d  o u t  w i t h  g r e a t  c a r e .  N u t r i e n t s  
a n d  c o n d i t i o n s  u s e d  f o r  t h e  i s o l a t i o n  o f  t h e  s t u d y  o r g a n i s m s  m a y  
h a v e  a  l a r g e  e f f e c t  o n  t h e i r  c a p a b i l i t i e s  i n  t h e  t e s t s .  F o r  t h i s  
r e a s o n  s i x  d i f f e r e n t  m e d i a  ( T a b l e  4 . 1 )  w i t h  v a r i e d  a n d  c o m p l e x  
c o m p o s i t i o n s  w e r e  u s e d .  F o r  t h e  f i r s t  f o u r  m e d i a ,  r e a d i l y  
u t i l i s a b l e  c a r b o n  s o u r c e s  w e r e  c h o s e n .  S i n g l e  n i t r o g e n  s o u r c e s  
w e r e  a v o i d e d  a n d  c o m p l e x  e x t r a c t s  o f  y e a s t ,  m a l t ,  m e a t  a n d  m i l k  
w e r e  u s e d  a s  w e l l  a s  s o i l  e x t r a c t s  t o  p r o v i d e  a  v i t a m i n  a n d  
m i n e r a l  b a s e  t o  t h e  m e d i a .  T h e  f i f t h  m e d i u m  w a s  a  w e a k ,  s y n t h e t i c  
m e d i u m  w i t h  p r o p i o n a t e  a s  t h e  c a r b o n  s o u r c e  a n d  n i t r a t e  a s  t h e  
n i t r o g e n  s o u r c e .
T a b l e  4 . 1 .  I s o l a t i o n  M e d i a
1 .  C a s - a m i n o  a c i d s / m e a t  e x t r a c t  a g a r  ( C A M )  +  s o i l  e x t r a c t
2 .  G l u c o s e - m a l t - y e a s t  e x t r a c t  a g a r  ( M Y A )  +  s o i l  e x t r a c t
3 .  N u t r i e n t  a g a r  ( N A )  ( O x o i d )
4 .  S t a r c h - c a s e i n  a g a r  ( K u s t e r  a n d  W i l l i a m s ,  1 9 6 4 )
( S C )  +  s o i l  e x t r a c t
5 .  M 3  m e d i u m  ( M 3 )  ( R o w b o t h a m  a n d  C r o s s ,  1 9 7 7 ) .
6 .  P o t a t o  d e x t r o s e  a g a r  ( P D A )  ( D i f c o )
A l l  m e d i a  f o r m u l a t i o n s  a r e  d e s c r i b e d  i n  A p p e n d i x  1 .  T h e  
a n t i f u n g a l  a n t i b i o t i c s  c y c l o h e x i m i d e  ( 5 0 j a g / m l )  a n d  n y s t a t i n  
( 5 0 j i g / m l )  w e r e  a d d e d  t o  m e d i a  1  t o  5  s o  t h a t  t h e y  w e r e  s u i t a b l e
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f o r  i s o l a t i o n  o f  a c t i n o m y c e t e s  a n d  e u b a c t e r i a  o n l y .  T h e  s i x t h  
m e d i u m  w a s  a p p r o p r i a t e  f o r  t h e  i s o l a t i o n  o f  f u n g i  a n d  c o n t a i n e d  
t h e  a n t i b a c t e r i a l  a n t i b i o t i c  c h l o r a m p h e n i c o l  a t  a  c o n c e n t r a t i o n  
o f  l m g / m l .  D i c h l o r a n  ( 2 , 6 - d i c h l o r o - 4 - n i t r o a n i l i n e ,  A l d r i c h )  a t  a  
c o n c e n t r a t i o n  o f  5 m g / l  w a s  a d d e d  t o  m e d i u m  6 .  T h i s  h a s  t h e  e f f e c t  
o f  l i m i t i n g  t h e  e x t e n s i o n  o f  f u n g a l  c o l o n i e s  s o  t h a t  f a s t - g r o w i n g  
m o u l d s  d o  n o t  d o m i n a t e  t h e  i s o l a t i o n  p l a t e s .  I n  t h i s  r e s p e c t  i t  
i s  s i m i l a r  t o  t h e  d y e  R o s e - B e n g a l ,  h o w e v e r ,  d i c h l o r a n  d o e s  n o t  
s t a i n  t h e  f u n g a l  c o l o n y  w h i c h  m a k e s  i d e n t i f i c a t i o n  s i m p l e r .  T h e  
p H  o f  a l l  t h e  m e d i a  w a s  a d j u s t e d  t o  m a t c h  t h a t  o f  t h e  s o i l  
s a m p l e ,  t h a t  i s ,  p H  7 . 2 .
4 . 2 . 3  M a i n t e n a n c e  M e d i a
T h r o u g h o u t  t h e  s t u d y ,  a c t i n o m y c e t e s  w e r e  p u r i f i e d ,  s t o r e d  
a n d  r e c o v e r e d  o n  m a l t - y e a s t  a g a r  ( A p p e n d i x  1 ) ,  b a c t e r i a  o n  
n u t r i e n t  a g a r  ( O x o i d )  a n d  f u n g i  o n  p o t a t o  d e x t r o s e  a g a r  ( D i f c o ) .
4 . 2 . 4  I s o l a t e s
2 8 0  a c t i n o m y c e t e  c o l o n i e s ,  7 5  b a c t e r i a l  a n d  2 0  f u n g a l  
c o l o n i e s  w e r e  p i c k e d  o f f  t h e  i s o l a t i o n  m e d i a .  A l l  i s o l a t e s  w e r e  
p u r i f i e d  a n d  t h e n  t e s t e d  f o r  t h e i r  a b i l i t y  t o  p r o d u c e  a n t i b i o t i c  
s u b s t a n c e s  i n  v i t r o  ( S e c t i o n  4 . 2 . 5 ) .  T h e  a c t i n o m y c e t e  i s o l a t e s  
w e r e  a l s o  c o l o u r  g r o u p e d  a c c o r d i n g  t o  t h e  m e t h o d  i n  S e c t i o n  2 . 4 .
A c c o r d i n g  t o  t h e  c o l o u r  g r o u p i n g  m e t h o d ,  t h e  2 8 0  
a c t i n o m y c e t e s  w e r e  f o u n d  t o  c o n s i s t  o f  i s o l a t e s  o f  1 3 8  d i s t i n c t  
m o r p h o l o g i c a l  t y p e s .  T h e  f a c t  t h a t  s u c h  a  l a r g e  n u m b e r  o f  
d i f f e r e n t  i s o l a t e s  w e r e  o b t a i n e d  f r o m  a  s i n g l e  s o i l  s a m p l e ,  u s i n g  
n o  p r e t r e a t m e n t s  o t h e r  t h a n  m i l d  a i r - d r y i n g  o f  t h e  s o i l ,  
i n d i c a t e d  t h a t  t h e  i s o l a t i o n  r e g i m e  a p p l i e d  ( S e c t i o n  4 . 2 . 2 )  w a s ,  
i n d e e d ,  a  b r o a d  o n e .
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4.2.5 Antibiosis
T h e  a b i l i t y  o f  t h e  i s o l a t e s  t o  p r o d u c e  a n t i b i o t i c  s u b s t a n c e s  
w a s  m e a s u r e d  u s i n g  t h e  a g a r  d r o p l e t  o v e r l a y  b i o a s s a y  m e t h o d  
( S e c t i o n  2 . 3 ) .  A f t e r  5  d a y s ,  w h e n  t h e  t e s t  o r g a n i s m s  h a d  g r o w n  o n  
t h e  a g a r  d r o p l e t s ,  a g a r  o v e r l a y s  c o n t a i n i n g  S t a p h y l o c o c c u s  a u r e u s  
a n d  E s c h e r i c h i a  c o l i  w e r e  u s e d  t o  d e t e c t  a n t i - G r a m  p o s i t i v e  a n d  
a n t i - G r a m  n e g a t i v e  a c t i v i t y  r e s p e c t i v e l y .  A  s t r a i n  o f  E . c o l i  
s u p e r s e n s i t i v e  ( S S )  t o  B - l a c t a m s  w a s  a l s o  u s e d .  T h e  t e s t  i s o l a t e s  
w e r e  c o n s i d e r e d  t o  b e  ' a n t i b i o t i c - p r o d u c e r s '  i f  a n t i b i o t i c  
s u b s t a n c e s  w e r e  d e t e c t e d  a g a i n s t  a n y  o n e  o f  t h e  t h r e e  c h a l l e n g e  
o r g a n i s m s  u s e d .  ' A n t i b i o t i c - p r o d u c e r s '  i n  t h i s  c o n t e x t  a r e  
t h e r e f o r e  p r o d u c e r s  o f  a n t i b a c t e r i a l  s u b s t a n c e s .  I t  i s  p o s s i b l e  
t h a t  s o m e  o f  t h e  '  n o n - a n t i b i o t i c - p r o d u c e r s '  w e r e ,  i n  f a c t ,  
c a p a b l e  o f  a n t i b i o t i c  p r o d u c t i o n  b u t  t h a t  s u b s t a n c e s  f r o m  t h e s e  
o r g a n i s m s  m a y  n o t  h a v e  b e e n  p r o d u c e d  i n ,  o r  a l t e r n a t i v e l y  
d e t e c t e d  b y ,  t h e  s y s t e m  d e s c r i b e d  h e r e .
T h e r e  a r e  s e v e r a l  a d v a n t a g e s  i n  g r o w i n g  t h e  t e s t  o r g a n i s m s  
o n  a g a r  d r o p l e t s .  F i r s t l y ,  a l l  s t a g e s  o f  g r o w t h  a r e  p r e s e n t  i n  
t h e  c o l o n y  o n  t h e  d r o p l e t ,  f r o m  y o u n g  c e l l s  t o  s e n e s c e n t  o n e s .  T o  
r e p r o d u c e  t h i s  s i t u a t i o n  i n  a  l i q u i d  m e d i u m ,  s a m p l e s  t a k e n  a t  
n u m e r o u s  d i f f e r e n t  h a r v e s t  t i m e s  w o u l d  n e e d  t o  b e  t e s t e d .  
S e c o n d l y ,  g r o w t h  o f  a c t i n o m y c e t e s  o n  t h e  s u r f a c e  o f  a g a r  i s  l e s s  
p r o b l e m a t i c  t h a n  i n  a  l i q u i d  m e d i u m  s i n c e  i n  t h e  l a t t e r  t h e y  a r e  
p r o n e  t o  o x y g e n  l i m i t a t i o n  a n d  p e l l e t i n g .  T h i s  i s  n o t  a  p r o b l e m  
w h e n  t h e y  a r e  g r o w n  o n  t h e  s u r f a c e  o f  a  s o l i d  m e d i u m .  A n o t h e r  
a d v a n t a g e  o f  t h e  d r o p l e t  m e t h o d  i s  t h a t  i t  a l l o w s  m i n i a t u r i s a t i o n  
a n d  a u t o m a t i o n ,  m a k i n g  i t  s i m p l e r  t o  s c r e e n  a  l a r g e  n u m b e r  o f  
i s o l a t e s .
A p p r o x i m a t e l y  1 4 %  o f  t h e  a c t i n o m y c e t e  i s o l a t e s  a n d  t w o  o u t  
o f  t h e  f i f t e e n  f i l a m e n t o u s  f u n g i  w e r e  f o u n d  t o  p r o d u c e  a n t i b i o t i c  
s u b s t a n c e s ,  h o w e v e r ,  n o  a n t i b i o t i c  a c t i v i t y  w a s  d e t e c t e d  a m o n g s t  
t h e  e u b a c t e r i a l  i s o l a t e s .
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4 . 2 . 6  I s o l a t e  S e l e c t i o n  f o r  u s e  i n  P h y s i o l o g i c a l  a n d  N u t r i t i o n a l  
T e s t s
F r o m  t h e  2 8 0  a c t i n o m y c e t e  i s o l a t e s ,  4 9  a c t i n o m y c e t e s  w e r e  
s e l e c t e d  a t  r a n d o m .  H o w e v e r ,  d u p l i c a t e  i s o l a t e s  ( a c c o r d i n g  t o  
c o l o u r  g r o u p i n g )  w e r e  r e j e c t e d .  I n  t h i s  w a y  t h e  4 9  a c t i n o m y c e t e  
s t r a i n s  i n c l u d e d  i n  t h e  s t u d y  w e r e  k n o w n  t o  b e  m o r p h o l o g i c a l l y  
d i s i m i l a r .  T h e s e  s t r a i n s  i n c l u d e d  n i n e t e e n  ' a n t i b i o t i c  p r o d u c e r s '  
a n d  t h i r t y  ' n o n - p r o d u c e r s ' .  C e l l  w a l l  a n a l y s i s  w a s  c a r r i e d  o u t  
a c c o r d i n g  t o  t h e  m e t h o d  o f  L e c h e v a l i e r  a n d  L e c h e v a l i e r  ( 1 9 7 0 )  o n  
t h e  4 9  a c t i n o m y c e t e s  i n  o r d e r  i d e n t i f y  t h e  d i a m i m o  a c i d  
c o n s t i t u e n t  o f  t h e  p e p t i d o g l y c a n .  T h e  c e l l  w a l l s  o f  
S t r e p t o m y c e t e s  c o n t a i n  t h e  L L  i s o m e r  o f  d i a m i n o p i m e l i c  a c i d  ( D A P )  
w h i l s t  t h e  c e l l  w a l l s  o f  t h e  m a j o r i t y  o f  o t h e r  a c t i n o m y c e t e s  
c o n t a i n  t h e  m e s o  f o r m .  O n  t h e  b a s i s  o f  t h i s  m e t h o d  4 8  o u t  o f  t h e  
4 9  a c t i n o m y c e t e  i s o l a t e s  w e r e  i d e n t i f i e d  a s  S t r e p t o m y c e t e s .  
T w e n t y - f i v e  b a c t e r i a  w e r e  s e l e c t e d  o n  t h e  b a s i s  o f  v a r i e d  
o x i d a s e ,  c a t a l a s e ,  0 / F  a n d  G r a m  r e a c t i o n s  ( s e e  C o w a n ,  1 9 7 4  f o r  
m e t h o d s ) .  S e v e n t e e n  f u n g a l  i s o l a t e s  ( i n c l u d i n g  2  y e a s t s )  w e r e  
u s e d .  T h e  c h a r a c t e r i s t i c s  o f  t h e  s e l e c t e d  i s o l a t e s  a r e  d e s c r i b e d  
i n  A p p e n d i x  2 .
4 . 2 . 7  S t o r a g e  o f  S e l e c t e d  I s o l a t e s
A g a r  s l o p e s  o f  s p o r i n g  a c t i n o m y c e t e s  w e r e  c o v e r e d  w i t h  1 5 %  
g l y c e r o l  s o l u t i o n  a n d  h e l d  a t  - 2 0 ° C  ( W e l l i n g t o n  a n d  W i l l i a m s ,  
1 9 7 8 ) .  A l l  o t h e r  i s o l a t e s  w e r e  s t o r e d  o n  a g a r  s l o p e s  a t  4 ° C .
4 . 2 . 8  P h y s i o l o g i c a l  a n d  N u t r i t i o n a l  T e s t s
E a c h  t e s t  c o n s i s t e d  o f  t h e  m e a s u r e m e n t  o f  c o l o n y  d i a m e t e r  o n  
b a s a l  m e d i a  i n c o r p o r a t i n g  t e s t  c a r b o n  a n d  n i t r o g e n  s o u r c e s ,  a n d  
i n h i b i t o r s .  T e s t s  f o r  a u x o t r o p h y  i n  t h e  p r e s e n c e  a n d  a b s e n c e  o f  
m i n e r a l s  a n d  v i t a m i n s  w e r e  a l s o  i n c l u d e d  ( T a b l e  4 . 2 ) .
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T a b l e  4 . 2  P h y s i o l o g i c a l  a n d  N u t r i t i o n a l  T e s t s .  
N u t r i t i o n a l  T e s t s
S o l e  C a r b o n  S o u r c e s C + N  S o u r c e s Sole Nitrogen Sources
1 .  G l u c o s e  ( 1 % )
2 .  G l u c o s e  ( 0 . 1 % )
3 .  M a l t o s e
4 .  S t a r c h
5 .  C e l l u l o s e
6 .  P r o p i o n a t e  ( 1 % )
7 .  P r o p i o n a t e  ( 0 . 1 % )
8 .  M e t h a n o l
9 .  G l y c e r o l
1 0 .  A s p a r t a t e
1 1 .  T h r e o n i n e
1 2 .  P r o l i n e
1 3 .  H u m i c  a c i d  ( 1 % )
1 4 .  H u m i c  a c i d  ( 0 . 1 % )
1 5 .  A s p a r a g i n e
1 6 .  G l u t a m i n e
1 7 .  A r g i n i n e
1 8 .  A l a n i n e
1 9 .  N i t r a t e
2 0 .  N i t r i t e
2 1 .  A m m o n i a
T e s t  c a r b o n  s o u r c e s  w e r e  t e s t e d  i n  1 %  ( w / v )  g l u c o s e  e q u i v a l e n t s  
u n l e s s  o t h e r w i s e  s t a t e d .
P h y s i o l o g i c a l  T e s t s T o l e r a n c e  t o  I n h i b i t o r s
2 2 .  2 8 ° C
2 3 .  3 0 ° C
2 4 .  p H  6 . 4
2 5 .  p H  7 . 7
2 6 .  p H  8 . 0
2 7 .  p H  9 . 0
2 8 .  p H  9 . 4
2 9 .  P h e n o l  0 . 1 %
3 0 .  P h e n o l  0 . 0 1 %
3 1 .  N a C l  4 %
3 2 .  N a C l  7 %
3 3 .  N a C l  1 0 %
3 4 .  C o b a l t  0 . 5 %
3 5 .  C o b a l t  0 . 0 5 %
T r a c e  E l e m e n t  R e q u i r e m e n t s
3 6 .  M a n g a n e s e  o m i t t e d
3 7 .  C o p p e r  o m i t t e d
3 8 .  I r o n  o m i t t e d
3 9 .  Z i n c  o m i t t e d
4 0 .  P o t a s s i u m  o m i t t e d
4 1 .  C a l c i u m  o m i t t e d
4 2 .  M a g n e s i u m  o m i t t e d
4 3 .  V i t a m i n  s u p p l e m e n t  a d d e d
D e t a i l s  o f  t h e  b a s a l  m e d i a  c o m p o s i t i o n  a n d  t h e  q u a n t i t i e s  o f  t e s t  
s u b s t r a t e  a d d e d  m a y  b e  f o u n d  i n  A p p e n d i x  3 .  P e r c e n t a g e s  r e f e r  t o  
w e i g h t  t o  v o l u m e  m e a s u r e m e n t s .
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T h e  b a s a l  m e d i a  w e r e  s i m i l a r  t o  t h o s e  u s e d  f o r  t a x o n o m i c  
s t u d i e s  o n  s t r e p t o m y c e t e s  ( e g .  W i l l i a m s  e t  a l . ,  1 9 8 3 a ) .
U n l e s s  o t h e r w i s e  s t a t e d ,  a l l  m e d i a  c o n t a i n e d  l m l / 1  t r a c e  s a l t  
s o l u t i o n  ( S h i r l i n g  a n d  G o t t l i e b ,  1 9 6 6 )  ( A p p e n d i x  3 ) .  T h i s  
s u p p l e m e n t  w a s  t h e  o n e  u s e d  i n  t h e  I n t e r n a t i o n a l  S t r e p t o m y c e s  
P r o j e c t .  L a t e r ,  i t  w a s  f o u n d  t h a t  t h e  c o n c e n t r a t i o n  o f  c o p p e r  
s u l p h a t e  i n  t h i s  s u p p l e m e n t  w a s  i n h i b i t o r y  t o  m a n y  o f  t h e  t e s t  
s t r a i n s .  H o w e v e r ,  s i n c e  t h e  t r a c e  e l e m e n t  s u p p l e m e n t  h a d  b e e n  
a d d e d  t o  a l l  o f  t h e  t e s t  m e d i a ,  t h e  r e s u l t s  w e r e  s t i l l  
c o m p a r a b l e .
A p p r o p r i a t e  d r y  w e i g h t s  o f  e a c h  m e d i u m  a d d i t i o n  w e r e  e t h e r  
s t e r i l i z e d  ( S h i r l i n g  a n d  G o t t l i e b ,  1 9 6 6 )  p r i o r  t o  a d d i t i o n  t o  t h e  
a p p r o p r i a t e  m o l t e n  b a s a l  m e d i u m .  A l l  m e d i a  w e r e  b a l a n c e d  s o  t h a t  
t h e  c a r b o n  c o n c e n t r a t i o n  w a s  e q u a l  t o  t h a t  o f  a  m e d i u m  c o n t a i n i n g  
1 0 g / l  ( 1 % )  g l u c o s e  u n l e s s  o t h e r w i s e  s t a t e d .  S i m i l a r l y ,  a l l  m e d i a  
w e r e  b a l a n c e d  t o  a  n i t r o g e n  c o n c e n t r a t i o n  e q u i v a l e n t  t o  2 . 6 4 g / l  
a m m o n i u m  s u l p h a t e .  T h i s  a l l o w e d  d i r e c t  c o m p a r i s o n s  b e t w e e n  t e s t s  
t o  b e  m a d e .
4 . 2 . 9  I n o c u l a t i o n ,  I n c u b a t i o n  a n d  G r o w t h  M e a s u r e m e n t s
O n e  l o o p f u l  o f  s p o r e s  f r o m  a n  a c t i n o m y c e t e  o r  f u n g a l  c u l t u r e  
( 7 - 1 4  d a y s  o l d )  o r  o n e  l o o p f u l  o f  c e l l s  f r o m  a  b a c t e r i a l  o r  y e a s t  
c u l t u r e  ( 3 - 5  d a y s  o l d )  f r o m  a  s o l i d  m e d i u m  w a s  s u s p e n d e d  i n  2 m l  
s t e r i l e  w a t e r .  T h i s  s u s p e n s i o n  w a s  u s e d  t o  s p o t - i n o c u l a t e  t h e  
s o l i d  t e s t  m e d i a  i n  2 5 - c o m p a r t m e n t  p o l y s t y r e n e  R e p l i  d i s h e s .  A  
m u l t i - p o i n t  i n o c u l a t o r  w a s  u s e d  w h i c h  d e p o s i t e d  t h e  i n o c u l u m  i n  a  
s p o t  o f  4 m m  d i a m e t e r .  P l a t e  4 . 1  s h o w s  a n  e x a m p l e  o f  o n e  o f  t h e  
d i s h e s .
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P l a t e  4 . 1  A c t i n o m y c e t e  s t r a i n s  2 5 - 4 9  o n  t h e  c a r b o n  u t i l i s a t i o n  
t e s t  m e d i u m  c o n t a i n i n g  a n  a d d i t i o n  o f  1 %  g l u c o s e .  [ T h e  i n d i v i d u a l  
c o l o n i e s  s e e n  i n  s o m e  c o m p a r t m e n t s  a r e  d u e  t o  t h e  l o w  r e c o v e r y  
r a t e  a n d  g r o w t h  r a t e  o f  s o m e  o f  t h e  t e s t  o r g a n i s m s  o n  t h i s  t e s t  
m e d i u m .  T h e y  a r e  n o t  d u e  t o  a n  i n a d e q u a t e  i n o c u l u m ]
A  h e a v y  i n o c u l u m  w a s  i m p o r t a n t  s o  t h a t  c o n f l u e n t  g r o w t h  w o u l d  
q u i c k l y  a p p e a r  w i t h i n  t h e  4 m m  s p o t  a n d  o u t g r o w t h  f r o m  t h e  s p o t  
w o u l d  s u b s e q u e n t l y  o c c u r .  I f  a  h e a v y  i n o c u l u m  w a s  n o t  u s e d  s i n g l e  
c o l o n i e s  w o u l d  f o r m  a n d  c o n f l u e n c e  a n d  o u t g r o w t h  w o u l d  b e  
d e l a y e d .  A n  i n o c u l u m  t e s t  w a s  p e r f o r m e d  b y  i n o c u l a t i n g  t h e  
s u s p e n s i o n s  o n t o  m a i n t e n a n c e  m e d i a  t o  e n s u r e  t h a t  a  h e a v y  
i n o c u l u m  h a d  b e e n  a c h i e v e d .  I n c u b a t i o n  w a s  a t  2 8 ° C  f o r  1 4  d a y s  
u n l e s s  o t h e r w i s e  s t a t e d .  C o l o n y  d i a m e t e r s  w e r e  m e a s u r e d  u s i n g
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e l e c t r o n i c  c a l l i p e r s .  I n  t h i s  w a y  a  q u a n t i t a t i v e  m e a s u r e  o f  
g r o w t h  w a s  a v a i l a b l e  f o r  e a c h  p h y s i o l o g i c a l  t e s t .  Q u a l i t a t i v e  
o b s e r v a t i o n s  ( s u c h  a s  p r o d u c t i o n  o f  s p o r e s  o n  t h e  d i f f e r e n t  
m e d i a )  w e r e  a l s o  m a d e  b u t  n o t  i n c l u d e d  i n  t h e  c o m p u t e r  a n a l y s i s .
4 . 2 . 1 0  C h o i c e  o f  G r o w t h  M e a s u r e m e n t
A n  a p p r o p r i a t e  g r o w t h  m e a s u r e m e n t  n e e d e d  t o  b e  c h o s e n  w h i c h  
w a s  p e r t i n e n t  t o  t h e  d e s i g n  o f  s e l e c t i v e  i s o l a t i o n  m e d i a .  G r o w t h  
r a t e  m e a s u r e m e n t s  i n  l i q u i d  c u l t u r e  w o u l d  b e  t h e  m o s t  a c c u r a t e  
b u t  c o u l d  n o t  b e  e a s i l y  m e a s u r e d  f o r  l a r g e  n u m b e r s  o f  t e s t  
o r g a n i s m s  a n d  s u b s t r a t e s .  I n  t h e  p a s t ,  d a t a  b a s e s  c o n t a i n i n g  
g r o w t h  r e s p o n s e s  o f  m i c r o o r g a n i s m s  h a v e  u s e d  q u a l i t a t i v e  
i n f o r m a t i o n  f r o m  t e s t s  o n  s o l i d  m e d i a .  F o r  e x a m p l e ,  t h e  t w o  
c h a r a c t e r  s t a t e s  ' g r o w t h '  a n d  ' n o - g r o w t h '  h a v e  b e e n  w i d e l y  u s e d .  
T h e s e  r e s p o n s e s  m a y  f o r m  a  r e c o g n i s a b l e  f i n g e r p r i n t  f o r  e a c h  
o r g a n i s m .  A s  a n  o r g a n i s m  e i t h e r  c a n  o r  c a n n o t  g r o w  o n  a  
p a r t i c u l a r  s u b s t r a t e ,  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  i s  v e r y  
s i m p l e  a n d  t h e  i n f o r m a t i o n  m a y  b e  u s e d  i n  t h e  d e s i g n  o f  c u l t u r e  
m e d i a .  G r o w t h  o f  m i c r o o r g a n i s m s  o n  c u l t u r e  m e d i a  i s ,  h o w e v e r ,  n o t  
a s  s t r a i g h t f o r w a r d .  O r g a n i s m s  i n  a  m i x e d  i n o c u l u m  w h i c h  a r e  
c a p a b l e  o f  g r o w t h  o n  a  p a r t i c u l a r  i s o l a t i o n  m e d i u m  m a y  n o t  
a c t u a l l y  a p p e a r .  T h i s  m a y  b e  d u e  t o  g r o w t h  r a t e  d i f f e r e n c e s  a n d  
c o m p e t i t i o n  e f f e c t s .  I n i t i a l  n u m b e r s  o f  t h e  o r g a n i s m  a n d  r e c o v e r y  
r a t e  m a y  a l s o  b e  i m p o r t a n t .  I t  w a s  f e l t  t h a t  t h e  u s e  o f  b i n a r y  
d a t a  m i g h t  n o t  b e  s e n s i t i v e  e n o u g h  t o  a l l o w  t h e  a c c u r a t e  d e s i g n  
o f  c u l t u r e  m e d i a  w h i c h  w o u l d  b e  n e c e s s a r y  f o r  s e l e c t i o n  o f  
a c t i n o m y c e t e s  o v e r  b a c t e r i a ,  a n d  t h a t  a  c o n t i n u o u s  g r o w t h  
m e a s u r e m e n t  w o u l d  b e  r e q u i r e d .  T h i s  a c c u r a c y  w o u l d  b e  
p a r t i c u l a r l y  v i t a l  f o r  t h e  d e s i g n  o f  l i q u i d  e n r i c h m e n t  m e d i a  
w h e r e  s l i g h t  g r o w t h  r a t e  d i f f e r e n c e s  w o u l d  a l t e r  t h e  o u t c o m e  o f  
a n  e n r i c h m e n t .
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C o l o n y  g r o w t h  o f  b o t h  u n i c e l l u l a r  a n d  f i l a m e n t o u s  
m i c r o o r g a n i s m s  i s  e x p o n e n t i a l  f o r  a  s h o r t  p e r i o d  ( u n t i l  n u t r i e n t s  
b e c o m e  d e p l e t e d  a t  t h e  c o l o n y  c e n t r e )  a n d  s u b s e q u e n t l y  l i n e a r ,  
w i t h  e x p o n e n t i a l  g r o w t h  o c c u r i n g  i n  a  p e r i p h e r a l  g r o w t h  z o n e  o f  
c o n s t a n t  w i d t h  ( P i r t ,  1 9 7 5 ) .  H o w e v e r ,  c o n t r o l  o f  c o l o n y  g r o w t h  i n  
u n i c e l l u l a r  a n d  f i l a m e n t o u s  o r g a n i s m s  d i f f e r s  i n  s e v e r a l  a s p e c t s .  
I n  b a c t e r i a ,  t h e  d u r a t i o n  o f  t h e  l i n e a r  g r o w t h  p e r i o d  i s  
p r o p o r t i o n a l  t o  a g a r  d e p t h  ( P i r t , 1 9 7 5 ) ,  w h e r e a s  i n  f i l a m e n t o u s  
o r g a n i s m s  c o l o n y  g r o w t h  r a t e  i s  t y p i c a l l y  i n d e p e n d e n t  o f  m e d i u m  
d e p t h  ( T r i n c i ,  1 9 6 9 ) .  A l s o ,  a  t h r e s h o l d  g l u c o s e  c o n c e n t r a t i o n  
a p p e a r s  t o  b e  n e c e s s a r y  f o r  b a c t e r i a l  c o l o n y  g r o w t h  ( P i r t ,  1 9 6 7 )  
b u t  n o t  f o r  f u n g i  o r  a c t i n o m y c e t e s  w h i c h  a r e  c a p a b l e  o f  g r o w i n g  
a t  e x t r e m e l y  l o w  g l u c o s e  c o n c e n t r a t i o n s  ( T r i n c i ,  1 9 6 9 ;  A l l a n  a n d  
P r o s s e r ,  1 9 8 3 ) .  T h i s  r e s u l t s  f r o m  t h e  a b i l i t y  o f  f i l a m e n t o u s  
m i c r o o r g a n i s m s  t o  c o n t r o l  t h e  r a t e  o f  b r a n c h  i n i t i a t i o n  i n  
r e s p o n s e  t o  e n v i r o n m e n t a l  c o n d i t i o n s ,  p e r m i t t i n g  m a x i m a l  r a t e s  o f  
h y p h a l  e x t e n s i o n  w h i l e  o p t i m i z i n g  u t i l i z a t i o n  o f  s u b s t r a t e  a t  t h e  
c o l o n y  m a r g i n .  U n i c e l l u l a r  m i c r o o r g a n i s m s  a r e  g e n e r a l l y  n o t  
c a p a b l e  o f  s u c h  c o n t r o l  a n d  t y p i c a l l y  f o r m  d i s c r e t e  c o l o n i e s  
w h o s e  s i z e  i s  l i m i t e d  b y  s u b s t r a t e  d i f f u s i o n  i n t o  a  p e r i p h e r a l  
z o n e  o f  h i g h  b i o m a s s  d e n s i t y .  S u b s t r a t e  u t i l i z a t i o n  m a y  b e  
f u r t h e r  i n c r e a s e d  i n  s o m e  a c t i n o m y c e t e s  b y  g r o w t h  i n t o  t h e  a g a r  
w h i c h  i s  s o m e t i m e s  a s s i s t e d  b y  t h e  p r o d u c t i o n  o f  a  d i f f u s a b l e  
a g a r a s e .  A s  a  r e s u l t  o f  t h e s e  d i f f e r e n c e s ,  c o l o n y  g r o w t h  r a t e s  
f r o m  b a c t e r i a  a n d  f i l a m e n t o u s  o r g a n i s m s  m a y  n o t  b e  s t r i c t l y  
c o m p a r a b l e .
O r i g i n a l l y ,  i t  w a s  p r o p o s e d  t h a t  c o l o n y  e x p a n s i o n  r a t e s  
w o u l d  b e  m e a s u r e d .  A l t h o u g h  c o l o n y  e x p a n s i o n  r a t e s  ( o v e r  a  p e r i o d  
o f  6  d a y s ,  p o s t i n o c u l a t i o n )  w e r e  m e a s u r e d  d a i l y  f o r  2 5  o f  t h e  
a c t i n o m y c e t e s  a n d  g o o d  l i n e a r i t y  w a s  o b s e r v e d ,  i t  w a s  f o u n d  t h a t  
t h i s  t y p e  o f  m e a s u r e m e n t  w a s  t o o  t i m e - c o n s u m i n g  t o  b e  e x t e n d e d  t o  
a l l  o f  t h e  t e s t  o r g a n i s m s .  I n s t e a d ,  a n  e n d - p o i n t  1 4 - d a y  c o l o n y  
d i a m e t e r  m e a s u r e m e n t  f r o m  a l l  o f  t h e  t e s t  o r g a n i s m s  w a s  u s e d .  B y  
c o m p a r t m e n t a l i z i n g  s t a n d a r d  v o l u m e s  o f  t h e  t e s t  s u b s t r a t e s  i n  
R e p l i  d i s h e s  a n d  t a k i n g  a n  e n d - p o i n t  ( 1 4 - d a y )  c o l o n y  d i a m e t e r  
m e a s u r e m e n t ,  a  c o m p a r a b l e  g r o w t h  m e a s u r e m e n t  s h o u l d  b e  o b t a i n e d
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f o r  t h e  d i f f e r e n t  g r o u p s  o f  o r g a n i s m s .  T h i s  w o u l d  r e p r e s e n t  t h e  
b i o m a s s  p r o d u c t i o n  o f  e a c h  o r g a n i s m  a f t e r  g r o w t h  o n  e a c h  
s u b s t r a t e .  T h i s  t y p e  o f  m e a s u r e m e n t  w o u l d  b e  r e l a t i v e l y  
u n a f f e c t e d  b y  s u b s t r a t e  d i f f u s i o n  r a t e s  ( c f .  a  c o l o n y  d i a m e t e r  
m e a s u r e m e n t  t a k e n  i n  t h e  f i r s t  f e w  h o u r s  o r  d a y s ) .  A l s o ,  s i n c e  
t h e  v o l u m e  o f  s u b s t r a t e  a v a i l a b l e  w a s  l i m i t e d ,  i n d e f i n i t e  c o l o n y  
e x t e n s i o n  b y  t h e  f i l a m e n t o u s  o r g a n i s m s  w o u l d  b e  p r e v e n t e d .
4 . 2 . 1 1  R e p r o d u c i b i l i t y
A  p r e l i m i n a r y  s t u d y  s h o w e d  t h a t  r e p r o d u c i b i l i t y  o f  c o l o n y  
m e a s u r e m e n t s  o n  t h e  t e s t  m e d i a  w a s  h i g h .  T h e  a v e r a g e  e r r o r  o n  
r e p e a t e d  m e a s u r e m e n t  o f  a  c o l o n y  w a s  1 . 5 % .  T h i s  e r r o r  c a l c u l a t i o n  
w a s  b a s e d  o n  7 2  o b s e r v a t i o n s  o n  1 8  d i f f e r e n t  o r g a n i s m s  a n d  a l l o w s  
f o r  t h e  e r r o r  i n  l i n i n g  u p  t h e  c a l l i p e r s  a s  w e l l  a s  f o r  c o l o n i e s  
t h a t  a r e  n o t  e x a c t l y  r o u n d .
T h e  a v e r a g e  p e r c e n t a g e  o f  e r r o n e o u s  r e s u l t s  ( p )  ( S n e a t h  a n d  
J o h n s o n ,  1 9 7 2 )  w a s  c a l c u l a t e d  f o r  t h e  b a t t e r y  o f  t e s t s  u s i n g  t w o  
d u p l i c a t e  c u l t u r e s  ( s t r a i n  n u m b e r s  1  a n d  2 4 ) .  T h e  p a i r  o f  
i d e n t i c a l  s t r a i n s  h a d  a n  o b s e r v e d  s i m i l a r i t y  o f  9 6 %  ( u s i n g  t h e  
s i m p l e  m a t c h i n g  c o e f f i c i e n t ) .  T h i s  c o r r e s p o n d s  t o  a  t e s t  e r r o r  
v a l u e ,  p ,  o f  2 % .  V a l u e s  i n  t h e  r a n g e  1 - 8 %  h a v e  b e e n  r e p o r t e d  i n  
t a x o n o m i c  s t u d i e s  o n  a c t i n o m y c e t e s .  D u r i n g  t h e  c o u r s e  o f  t h e  
s t u d y ,  h o w e v e r ,  s t r a i n  2 4  l o s t  t h e  a b i l i t y  t o  p r o d u c e  d i f f u s a b l e - 
p i g m e n t ,  h e n c e  t h e  p a i r  w e r e  n o  l o n g e r  m o r p h o l o g i c a l l y  i d e n t i c a l .  
A l t h o u g h  t h e  p e r c e n t a g e  o f  e r r o n e o u s  r e s u l t s  w o u l d  a p p e a r  t o  h a v e  
b e e n  r e l a t i v e l y  u n a f f e c t e d  b y  t h i s  c h a n g e ,  t h e  e r r o r  i n  t h e  
c o l o n y  d i a m e t e r  m e a s u r e m e n t s  f o r  t h e  t w o  s t r a i n s  w a s  u p  t o  2 0 %  
f o r  s e v e r a l  t e s t s .  A s  m i g h t  b e  e x p e c t e d ,  c o n t i n u o u s  d a t a  i s  m o r e  
p r o n e  t o  e r r o r s  c a u s e d  b y  t h e  v a r i a b i l i t y  o f  t h e  t e s t  c u l t u r e s .  -
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4 . 2 . 1 2  A n t i b i o t i c  P r o d u c t i o n  o n  P h y s i o l o g i c a l  a n d  N u t r i t i o n a l  
T e s t  M e d i a
A f t e r  c o l o n y  m e a s u r e m e n t ,  t h e  1 4  d a y  o l d  c u l t u r e s  w e r e  
o v e r l a i d  w i t h  n u t r i e n t  a g a r  c o n t a i n i n g  a  1 %  ( v / v )  i n o c u l u m  o f  a n  
o v e r n i g h t  b r o t h  c u l t u r e  o f  E . c o l i  S S  +  0 . 3 %  ( v / v )  t e t r a z o l e u m  
s o l u t i o n  ( S e c t i o n  2 . 3 ) .  Z o n e s  o f  i n h i b i t i o n  i n  t h e  o v e r l a y  w e r e  
r e a d  a f t e r  2 4  h o u r s  i n c u b a t i o n  a t  3 0 ° C .  T h e s e  r e s u l t s  w e r e  n o t  
i n c l u d e d  i n  t h e  d a t a  a n a l y s i s  b u t  w e r e  u s e d  t o  p r o v i d e  a n  
e s t i m a t e  o f  t h e  s u i t a b i l i t y  o f  t h e  t e s t  s u b s t r a t e s  a n d  c o n d i t i o n s  
f o r  a n t i b i o t i c  p r o d u c t i o n .
4 . 2 . 1 3  D a t a  A n a l y s i s
T h e  d a t a  r e s u l t i n g  f r o m  t h e  t e s t s  d e s c r i b e d  w e r e  a n a l y s e d  
u s i n g  t h e  c l u s t e r  a n a l y s i s  p a c k a g e  C L U S T A N  r e l e a s e  3 . 1  ( W i s h a r t ,
1 9 7 8 )  a n d  t h e  s t a t i s t i c a l  p a c k a g e  S P S S X  r e l e a s e  2 . 1  ( N i e  e t  a l . ,  
1 9 8 6 )  o n  t h e  U n i v e r s i t y  o f  S u r r e y  m a i n f r a m e  c o m p u t e r  s y s t e m .  
C L U S T A N  i s  a  g e n e r a l  p u r p o s e  c l u s t e r  a n a l y s i s  p a c k a g e  c a p a b l e  o f  
p e r f o r m i n g  a  n u m b e r  o f  a n a l y s e s  o n  q u a l i t a t i v e  a s  w e l l  a s  
q u a n t i t a t i v e  d a t a  ( W i s h a r t ,  1 9 7 8 ) .  S P S S X  ( S t a t i s t i c a l  P a c k a g e  f o r  
t h e  S o c i a l  S c i e n c e s )  c o n t a i n s  s e v e r a l  p r o c e d u r e s  f o r  m u l t i v a r i a t e  
a n a l y s i s  i n c l u d i n g  d i s c r i m i n a n t  a n a l y s i s  ( N i e  e t  a l . ,  1 9 7 0 ) .  
D e t a i l s  o f  t h e  s t a t i s t i c a l  m e t h o d s  u s e d  a r e  d e s c r i b e d  i n  S e c t i o n  
3  w h i l s t  t h e  f o l l o w i n g  s e c t i o n  o u t l i n e s  t h e  b a s i c  s t a g e s  i n v o l v e d  
i n  c a r r y i n g  o u t  t h e  a n a l y s e s .
A  d a t a  m a t r i x  w i t h  i n f o r m a t i o n  f r o m  4 3  t e s t s  o n  e a c h  o f  t h e  
9 1  t e s t  o r g a n i s m s  w a s  p r e p a r e d  ( A p p e n d i x  4 ) .  T h i s  d a t a  w a s  i n  t h e  
f o r m  o f  a  c o l o n y  d i a m e t e r  m e a s u r e m e n t  ( i n  t e n t h s  o f  m i l l i m e t r e s )  
a f t e r  i n c u b a t i o n  f o r  1 4  d a y s .  T h i s  d a t a  w i l l  b e  r e f e r e d  t o  a s  
c o n t i n u o u s  d a t a .  T h e  d a t a  c o u l d  a l s o  b e  c o n v e r t e d  t o  b i n a r y  
f o r m a t ,  t h a t  i s ,  s c o r e d  a s  g r o w t h  o r  n o  g r o w t h  ( 1  o r  0 ) .  I n  a l l  
a n a l y s e s ,  t h e  a n t i b i o t i c  p r o d u c t i o n  d a t a  w e r e  n o t  i n c l u d e d  i n  t h e  
d a t a  m a t r i x .
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C o n t i n u o u s  d a t a  w e r e  t r a n s f o r m e d  b y  s t a n d a r d i z a t i o n  p r i o r  t o  
a n a l y s i s  ( i e .  e x p r e s s e d  a s  n u m b e r s  o f  s t a n d a r d  d e v i a t i o n s ) .  T h i s  
i s  i m p o r t a n t  b e c a u s e  i f  d a t a  a r e  n o t  s t a n d a r d i z e d  t h e i r  
s i m i l a r i t y  c o e f f i c i e n t s  w i l l  b e  b i a s e d  t o w a r d s  t h o s e  v a r i a b l e s  
w i t h  l a r g e  v a r i a n c e s .  C l e a r l y ,  t h e r e  i s  n o  n e e d  t o  s t a n d a r d i z e  
b i n a r y  d a t a .
T h e  n e x t  s t a g e  i s  t o  c r e a t e  a  s i m i l a r i t y  m a t r i x .  T h e  
s i m i l a r i t y  m a t r i x  i s  a  t r i a n g u l a r  a r r a y  o f  N ( N - l ) / 2  c o e f f i c i e n t s  
s u c h  t h a t  e a c h  e l e m e n t  m e a s u r e s  t h e  s i m i l a r i t y  b e t w e e n  t w o  
i n d i v i d u a l s .  S q u a r e d  E u c l i d e a n  d i s t a n c e  w a s  c h o s e n  a s  t h e  m e a s u r e  
o f  s i m i l a r i t y  f o r  c o n t i n u o u s  d a t a  a n d  t h e  s i m p l e  m a t c h i n g  
c o e f f i c i e n t  f o r  b i n a r y  d a t a .  T w o  t y p e s  o f  a n a l y s i s  w e r e  t h e n  
p e r f o r m e d  u s i n g  C l u s t a n .
( 1 )  P r i n c i p a l  c o m p o n e n t s  a n a l y s i s :  T h i s  m e t h o d  u s e s  o n l y
c o n t i n u o u s  d a t a .  T h e r e f o r e ,  u s i n g  t h e  E u c l i d e a n  
d i s t a n c e  m a t r i x ,  p r i n c i p a l  c o m p o n e n t s  w e r e  c a l c u l a t e d  
a n d  w e r e  u s e d  t o  p r o d u c e  s c a t t e r p l o t s .
( 2 )  C l u s t e r  A n a l y s i s :  U s i n g  e i t h e r  t h e  s i m i l a r i t y  m a t r i x
b a s e d  o n  E u c l i d e a n  d i s t a n c e  o r  t h e  o n e  b a s e d  o n  t h e
s i m p l e  m a t c h i n g  c o e f f i c i e n t ,  c l u s t e r  a n a l y s i s  w a s  
c a r r i e d  o u t  a n d  a  n u m b e r  o f  d e n d r o g r a m s  w e r e  d r a w n  t o  
d e t e r m i n e  t h e  r e l a t i o n s h i p  b e t w e e n  s t r a i n s .  T h r e e  t y p e s  
o f  d e n d r o g r a m s  w e r e  p r o d u c e d  u s i n g  t h r e e  d i f f e r e n t  
c l u s t e r i n g  m e t h o d s .
( i )  S i n g l e  l i n k a g e  c l u s t e r i n g  ( n e a r e s t  n e i g h b o u r )
( i i )  C o m p l e t e  l i n k a g e  ( f u r t h e s t  n e i g h b o u r )
( i i i )  G r o u p  a v e r a g e  c l u s t e r i n g  ( U P G M A * )
* U n w e i g h t e d  p a i r - g r o u p  m e t h o d  w i t h  a v e r a g e s
D i s c r i m i n a n t  a n a l y s i s  w a s  t h e n  c a r r i e d  o u t ,  u s i n g  t h e  S P S S X  
c o m p u t e r  p a c k a g e .  F o r  t h e  d e s i g n  o f  n e w  c u l t u r e  m e d i a ,  
d i s c r i m i n a n t  a n a l y s i s  w a s  c a r r i e d  o u t  t w i c e .  F i r s t  t o  f i n d  
s e l e c t i v e  p r e s s u r e s  r e s u l t i n g  i n  t h e  e n h a n c e d  g r o w t h  o f
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a c t i n o m y c e t e s  c o m p a r e d  t o  e u b a c t e r i a  a n d  t h e n  t o  f i n d  c o n d i t i o n s  
w h i c h  d i s c r i m i n a t e  b e t w e e n  ' a n t i b i o t i c - p r o d u c i n g ' a c t i n o m y c e t e s  
a n d  ’ n o n - p r o d u c i n g ’ a c t i n o m y c e t e s .  U s i n g  t h e  s t e p w i s e  p r o c e d u r e  
( s e e  s e c t i o n  3 . 3 )  a  s h o r t e n e d  l i s t  o f  t h e  m o s t  i m p o r t a n t  
d i s c r i m i n a t i n g  v a r i a b l e s  w a s  p r o d u c e d  t o g e t h e r  w i t h  a  l i s t  o f  t h e  
s t a n d a r d i z e d  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s .  E a c h  c o e f f i c i e n t  
r e p r e s e n t s  t h e  r e l a t i v e  c o n t r i b u t i o n  o f  i t s  a s s o c i a t e d  v a r i a b l e  
t o  t h a t  f u n c t i o n .  H e n c e ,  i t  m a y  b e  u s e d  a s  a  m e a s u r e  o f  t h e  
d i s c r i m i n a t o r y  p o w e r  o f  t h a t  v a r i a b l e  w i t h i n  t h e  f u n c t i o n .
I n  e s s e n c e ,  p r i n c i p a l  c o m p o n e n t s  a n a l y s i s  a n d  c l u s t e r  
a n a l y s i s  w e r e  u s e d  i n  o r d e r  t o  o b t a i n  a n  ’ o v e r v i e w ’ o f  t h e  d a t a  
a l l o w i n g  t h e  r e l a t i o n s h i p s  b e t w e e n  t h e  t e s t  o r g a n i s m s  t o  b e  
a s c e r t a i n e d .  I n  t h i s  w a y ,  n a t u r a l  g r o u p s  o f  t h e  i s o l a t e s  c o u l d  b e  
i d e n t i f i e d .  A l s o ,  b y  c o m p a r i n g  t h e  r e s u l t s  o f  t h e  a n a l y s e s  u s i n g  
e i t h e r  t h e  c o n t i n u o u s  o r  b i n a r y  d a t a  s e t s ,  d i s t o r t i o n s  o r  
a n o m o l i e s  c o u l d  b e  p i n p o i n t e d  w h i c h  c o u l d  t h e n  b e  t a k e n  i n t o  
a c c o u n t  i n  s u b s e q u e n t  a n a l y s e s .  D i s c r i m i n a n t  a n a l y s i s  w a s  u s e d  t o  
f i n d  n u t r i t i o n a l  a n d  p h y s i o l o g i c a l  p a r a m e t e r s  w h i c h  m a y  b e  u s e d  
t o  d i f f e r e n t i a t e  b e t w e e n  t h e  d i f f e r e n t  g r o u p s  o f  o r g a n i s m s .  S u c h  
p a r a m e t e r s  m a y  b e  u s e d  a s  t h e  b a s i s  f o r  s e l e c t i v e  m e d i a  f o r  t h e  
i s o l a t i o n  a n d  e n r i c h m e n t  o f  d e s i r e d  g r o u p s  o f  o r g a n i s m s .
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4.3 Results and Discussion
4 . 3 . 1  P e r c e n t a g e  o f  I s o l a t e s  P o s i t i v e  f o r  E a c h  T e s t
T h e  d e t e n n i n a t i o n  o f  a  l a r g e  n u m b e r  o f  c h a r a c t e r i s t i c s  f o r  
e a c h  i s o l a t e  i n c r e a s e s  t h e  p r o b l e m s  o f  h a n d l i n g  a n d  c o m p a r i n g  
d a t a .  N u m e r i c a l  m e t h o d s  n e e d  t o  b e  a p p l i e d  t o  r e d u c e  t h e  d a t a  s o  
t h a t  t h e y  a r e  m o r e  e a s i l y  i n t e r p r e t e d .  H o w e v e r ,  b e f o r e  e m b a r k i n g  
o n  c o m p l e x  m u l t i v a r i a t e  a n a l y s e s  i t  i s  p o s s i b l e  t o  g e t  s o m e  i d e a  
o f  t h e  a c t i v i t y  o f  t h e  o r g a n i s m s  b y  e x a m i n i n g  t h e  p e r c e n t a g e  o f  
i s o l a t e s  w h i c h  w e r e  p o s i t i v e  f o r  e a c h  t e s t .  F i g u r e s  4 . 1 - 4 . 6  a r e  
h i s t o g r a m s  o f  p e r c e n t a g e  p o s i t i v e  d a t a  f o r  t h e  t h r e e  g r o u p s  o f  
o r g a n i s m s ,  e u b a c t e r i a ,  a c t i n o m y c e t e s  a n d  f u n g i .
F i g u r e  4 . 1 C a r b o n  S o u r c e s
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F i g u r e  4 . 1  s h o w s  t h a t  a  g l u c o s e - c o n t a i n i n g  m e d i u m  ( 1 %  w / v )  
w a s  v e r y  e f f e c t i v e  i n  r e d u c i n g  t h e  n u m b e r s  o f  b a c t e r i a  w h i l s t  
r e t a i n i n g  a c t i n o m y c e t e s .  T h i s  r e s u l t  w a s  u n e x p e c t e d  a n d  t h e  t e s t  
w a s  r e p e a t e d ,  g i v i n g  t h e  s a m e  r e s u l t .  G l u c o s e  t o x i c i t y  e f f e c t s  
h a v e  b e e n  r e p o r t e d  i n  s o m e  b a c t e r i a  ( P i r t ,  1 9 6 7 ) ,  h o w e v e r ,  t h e  
e f f e c t  i s  a l s o  k n o w n  i n  a c t i n o m y c e t e s  ( A l l a n  a n d  P r o s s e r ,  1 9 8 3 )  
a n d  t h e r e  i s  n o  i n d i c a t i o n  t h a t  a c t i n o m y c e t e s  a r e  m o r e  t o l e r a n t
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t h a n  b a c t e r i a .  S t a r c h ,  g l y c e r o l ,  c e l l u l o s e  a n d  g l u c o s e  ( 0 . 1 % )  
r e s p e c t i v e l y  w e r e  t h e  n e x t  m o s t  e f f e c t i v e  c a r b o n  s o u r c e s .  
B a c t e r i a l  r e c o v e r y  w a s  a l s o  r e d u c e d  i n  t h e  p r e s e n c e  o f  p r o p i o n a t e  
( 0 . 1 % )  a n d  m e t h a n o l ,  h o w e v e r ,  a c t i n o m y c e t e  r e c o v e r y  w a s  r e d u c e d  
a t  t h e  s a m e  t i m e .  M a l t o s e  w a s  t h e  m o s t  e f f e c t i v e  s u b s t r a t e  f o r  
t h e  r e c o v e r y  o f  f u n g i ,  a l t h o u g h  m o s t  o f  t h e  c a r b o n  s o u r c e s  t e s t e d  
r e c o v e r e d  t h e  m a j o r i t y  ( 8 0 % )  o f  t h e  f u n g i .
F i g u r e  4 . 2 C a r b o n  a n d  N i t r o g e n  S o u r c e s
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O f  t h e  c o m b i n e d  c a r b o n  a n d  n i t r o g e n  s o u r c e s  t e s t e d  ( F i g u r e  
4 . 2 )  0 . 1 %  h u m i c  a c i d  w a s  t h e  m o s t  e f f e c t i v e  i n  f a v o u r i n g  r e c o v e r y  
o f  a c t i n o m y c e t e s  o v e r  b a c t e r i a .  T h r e o n i n e  a n d  p r o l i n e  w o u l d  a l s o  
a p p e a r  t o  b e  u s e f u l  w h e r e a s  a s p a r t a t e  i s  n o t  a  f a v o u r a b l e  
s u b s t r a t e  f o r  a c t i n o m y c e t e s ,  p o s s i b l y  d u e  t o  i t s  a c i d i t y .
A l l  o f  t h e  n i t r o g e n  s o u r c e s  t e s t e d  f a v o u r e d  t h e  r e c o v e r y  o f  
b a c t e r i a  o v e r  a c t i n o m y c e t e s  ( F i g u r e  4 . 3 ) .  A s p a r a g i n e  w a s  u t i l i z e d  
b y  6 7 %  o f  a c t i n o m y c e t e s ,  m a k i n g  t h i s  t h e  m o s t  w i d e l y  u s e d  
n i t r o g e n  s o u r c e  f o r  a c t i n o m y c e t e s .  N i t r i t e  w a s  n o t  u t i l i z e d  b y  
e i t h e r  a c t i n o m y c e t e s  o r  b a c t e r i a .
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W h e n  a m m o n i u m  c h l o r i d e  w a s  u s e d  a s  t h e  n i t r o g e n  s o u r c e  ( i n  
c o m b i n a t i o n  w i t h  1 %  g l u c o s e  i n  t h e  b a s a l  m e d i u m )  e u b a c t e r i a  w e r e  
f a v o u r e d .  T h i s  i s  a  r a t h e r  a n o m a l o u s  r e s u l t  b e c a u s e  p r e v i o u s l y ,  
i n  t h e  c a r b o n  u t i l i s a t i o n  t e s t ,  w h e n  1 %  g l u c o s e  w a s  t e s t e d  w i t h  
a m m o n i u m  s u l p h a t e ,  a  s e l e c t i v e  e f f e c t  a g a i n s t  e u b a c t e r i a  w a s  
d i s c o v e r e d .  T h e  t w o  b a s a l  m e d i a  u s e d  f o r  t h e s e  t e s t s  a r e  n o t  
e x a c t l y  m a t c h e d ,  t h e r e f o r e  a n o t h e r  m e d i u m  c o n s t i t u e n t  m a y  b e  
r e s p o n s i b l e  f o r  t h i s  e f f e c t .  T h i s  u n d e r l i n e s  t h e  c a r e  t h a t  m u s t  
b e  t a k e n  i n  i n t e r p r e t i n g  t h e  d a t a ,  a n d  t h e  s t r o n g  i n f l u e n c e  t h e  
b a s a l  m e d i u m  m a y  h a v e  o n  t h e  f i n a l  o u t c o m e  o f  a  t e s t .
F i g u r e  4 . 3  N i t r o g e n  S o u r c e s
l O O - i
R e c o v e r y  o n  i n o r g a n i c  s a l t s  g l u c o s e  ( I S G )  a g a r  i n  t h e  
t e m p e r a t u r e  a n d  p H  t e s t s  w a s  q u i t e  v a r i e d  ( F i g u r e  4 . 4 ) .  I S G  a t  
2 8 ° C  a n d  p H  7  s h o w s  v e r y  p o o r  r e c o v e r y  o f  a c t i n o m y c e t e s  a n d  
b a c t e r i a .  T h i s  t e s t  w a s  r e p e a t e d  b u t  t h e  s a m e  r e s u l t s  w e r e  f o u n d .  
G r o w t h  a t  t e m p e r a t u r e s  o f  1 5 , 2 0 , 2 5 , 3 7  a n d  4 5 ° C  w a s  a l s o  t e s t e d .  
R e c o v e r y  r a t e s  a t  t h e s e  t e m p e r a t u r e s  w a s  f o u n d  t o  b e  v e r y  l o w ,  
t h e r e f o r e  t h e s e  r e s u l t s  w e r e  n o t  i n c l u d e d  i n  t h e  d a t a  m a t r i x .  
D e s p i t e  l o w  r e c o v e r y  r a t e s ,  t h e  r e s u l t s  s h o w  t h a t  a  t e m p e r a t u r e  
o f  2 8 ° C  w a s  t h e  m o s t  f a v o u r a b l e  f o r  t h e  r e c o v e r y  o f  a c t i n o m y c e t e s  
r e l a t i v e  t o  e u b a c t e r i a .  T h i s  t e m p e r a t u r e  i s  a l r e a d y  k n o w n  t o  b e  
t h e  o p t i m u m  f o r  m o s t  s t r e p t o m y c e t e s .
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T h e  m o d e r a t e l y  a l k a l i n e  p H s  o f  7 . 7  a n d  8  w e r e  m o s t  
f a v o u r a b l e  f o r  t h e  r e c o v e r y  o f  a c t i n o m y c e t e s  o v e r  b a c t e r i a .  
E x t r e m e  a l k a l i n e  p H  w a s  n o t  f o u n d  t o  b e  u s e f u l ,  a l t h o u g h  s u c h  
t o l e r a n c e  t e s t s  m a y  b e  s t r o n g l y  a f f e c t e d  b y  t h e  b a s a l  m e d i u m  
u s e d .
F i g u r e  4 . 4
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F i g u r e  4 . 5  s h o w s  t h a t  i n c o r p o r a t i o n  o f  0 . 0 1 %  p h e n o l  i n t o  
a g a r  m e d i a  m a y  b e  e f f e c t i v e  i n  i n c r e a s i n g  r e c o v e r y  o f  
a c t i n o m y c e t e s  r e l a t i v e  t o  b a c t e r i a ,  a l t h o u g h  m a n y  a c t i n o m y c e t e s  
w e r e  a l s o  s e n s i t i v e .  H o w e v e r ,  t h e  p e r c e n t a g e  p o s i t i v e  o n  0 . 1 %  
p h e n o l  d e m o n s t r a t e s  t h a t  t h e  f e w  p h e n o l - i n s e n s i t i v e  b a c t e r i a  w e r e  
r e s i s t a n t  t o  h i g h e r  c o n c e n t r a t i o n s  o f  p h e n o l  t h a n  a c t i n o m y c e t e s .  
A l l  a c t i n o m y c e t e s  t e s t e d  w e r e  s e n s i t i v e  t o  s o d i u m  c h l o r i d e  
c o n c e n t r a t i o n s  o f  4 %  a n d  g r e a t e r .
F i g u r e  4 . 6  T r a c e  E l e m e n t s
B A C T E R I A
A C T I N O S
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T h e  t r a c e  m e t a l  r e q u i r e m e n t  r e s u l t s  i n  F i g u r e  4 . 6  s h o w  t h a t  
r e c o v e r y  r a t e s  o f  b a c t e r i a  w e r e  a f f e c t e d  m o r e  b y  t h e  e x c l u s i o n  o f  
t r a c e  m e t a l s  t h a n  t h o s e  o f  a c t i n o m y c e t e s .  T h e  c o n t r o l  m e d i u m  w a s  
I S G  2 8 ° C  a t  p H  7  w h i c h  c o n t a i n e d  t h e  f u l l  c o m p l e m e n t  o f  t r a c e  
m e t a l s .  R e m o v a l  o f  c o p p e r  f r o m  t h i s  m e d i u m  g r e a t l y  e n h a n c e d  t h e  
r e c o v e r y  o f  b o t h  a c t i n o m y c e t e s  a n d  b a c t e r i a  i n d i c a t i n g  t h a t  
c o p p e r  t o x i c i t y  w a s  l a r g e l y  r e s p o n s i b l e  f o r  t h e  l o w  r e c o v e r y  
r a t e s  o n  I S G  a g a r .  O m i s s i o n  o f  i r o n  a n d  z i n c  f a v o u r e d  t h e  
r e c o v e r y  o f  e u b a c t e r i a  b u t  h a d  n o  e f f e c t  o n  t h e  r e c o v e r y  o f  
a c t i n o m y c e t e s .  S i m i l a r  r e s u l t s  w e r e  f o u n d  w h e n  p o t a s s i u m  a n d  
c a l c i u m  w e r e  o m i t t e d .  O m i s s i o n  o f  m a n g a n e s e  a n d  m a g n e s i u m  w a s  
f a v o u r a b l e  t o  t h e  r e c o v e r y  o f  a c t i n o m y c e t e s  a n d  b a c t e r i a  w h i l s t  
a d d i t i o n  o f  v i t a m i n s  i n c r e a s e d  a c t i n o m y c e t e  a n d  b a c t e r i a l
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r e c o v e r y  t o  a n  e x t e n t  w h i c h  a l m o s t  o v e r c a m e  t h e  e f f e c t  o f  t h e  
p r e s e n c e  o f  c o p p e r .  F u n g i  w e r e  g e n e r a l l y  u n a f f e c t e d  b y  v a r i a t i o n s  
i n  t r a c e  m e t a l  c o m p o s i t i o n  o f  t h e  m e d i a .
4 . 3 . 2  P r i n c i p a l  C o m p o n e n t s  A n a l y s i s
I n  a n  a n a l y s i s  o f  a l l  9 1  o r g a n i s m s ,  4 3  p r i n c i p a l  c o m p o n e n t s  
w e r e  c a l c u l a t e d  a n d  t h e  f i r s t  t w o  w e r e  f o u n d  t o  a c c o u n t  f o r  6 6 %  
o f  t h e  t o t a l  v a r i a n c e  w i t h i n  t h e  d a t a .  T h i s  m e a n s  t h a t  a  p l o t  o f  
t h e  f i r s t  t w o  v e c t o r s  c a n  b e  e x p e c t e d  t o  g i v e  a  g o o d  2 -  
d i m e n s i o n a l  r e p r e s e n t a t i o n  o f  t h e  c o r r e l a t i o n s  b e t w e e n  t h e  t e s t  
o r g a n i s m s .  T h e  t h r e e  d i f f e r e n t  g r o u p s  o f  o r g a n i s m s  w e r e  m a r k e d  o n  
t h e  p l o t s  a n d  a n t i b i o t i c  p r o d u c e r s  w e r e  a l s o  l a b e l l e d .  T h e  
s c a t t e r p l o t  o f  v e c t o r s  1  a n d  2  ( F i g u r e  4 . 7 )  s h o w s  t h a t  t h e  f u n g i  
a p p e a r  m a i n l y  t o  t h e  r i g h t  o f  t h e  p l o t  b u t  d o  n o t  f o r m  a  t i g h t  
c l u s t e r .  T h e  a c t i n o m y c e t e s  c a n  b e  s e e n  t o  f o r m  a  l o o s e  c l u s t e r  
t o w a r d s  t h e  t o p  l e f t  o f  t h e  p l o t  a n d  t h e  b a c t e r i a  f o r m  a  l o o s e  
c l u s t e r  b e n e a t h  t h e  a c t i n o m y c e t e s .  T h e s e  t w o  c l u s t e r s  a r e  i n  
c l o s e  p r o x i m i t y  a n d  h a v e  s o m e  o v e r l a p .  I t  i s  t o  b e  e x p e c t e d  t h a t  
a c t i n o m y c e t e s  a n d  e u b a c t e r i a  i s o l a t e d  f r o m  t h e  s a m e  e n v i r o n m e n t  
s h o u l d  h a v e  s i m i l a r  n u t r i t i o n a l  a n d  p h y s i o l o g i c a l  
c h a r a c t e r i s t i c s .  T h e  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s  f o r m  a  
c l u s t e r  a b o v e  t h e  n o n - p r o d u c i n g  a c t i n o m y c e t e s  ( a l t h o u g h  a g a i n  
t h e r e  i s  s o m e  o v e r l a p  b e t w e e n  t h e  t w o  g r o u p s ) .  T h e  f a c t  t h a t  t h e  
d i f f e r e n t  g r o u p s  c a n  b e  s e e n  t o  f o r m  n a t u r a l  c l u s t e r s  i s  
e n c o u r a g i n g  b e c a u s e  i t  s h o w s  t h a t  t h e y  f o r m  
p h y s i o l o g i c a l l y / n u t r i t i o n a l l y  d i s t i n c t  g r o u p s  w h i c h  m a y  b e  
s e p a r a t e d  f r o m  e a c h  o t h e r  o n  t h e  b a s i s  o f  p h y s i o l o g i c a l  a n d / o r  
n u t r i t i o n a l  d i f f e r e n c e s .
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F i g u r e  4 . 7  P r i n c i p a l  c o m p o n e n t s  a n a l y s i s  s c a t t e r p l o t
r
K e y 1 +  a n t i b i o t i c - p r o d u c i n g  b  b a c t e r i u m
a c t i n o m y c e t e  f  f i l a m e n t o u s  m o u l d
-  n o n - p r o d u c i n g  y  y e a s t
a c t i n o m y c e t e
F i g u r e  4 . 8  M i n i m u m  s p a n n i n g  t r e e  s u p e r i m p o s e d  o v e r  p r i n c i p a l  
c o m p o n e n t s  a n a l y s i s  s c a t t e r p l o t  o f  v e c t o r s  1  a n d  2  
s h o w i n g  s t r a i n  n u m b e r s  a n d  t h e  r e l a t i o n s h i p s  b e t w e e n  
s t r a i n s .
K e y :  1 - 4 9  a c t i n o m y c e t e s  5 0 - 7 4  e u b a c t e r i a
7 5 - 8 9  m o u l d s  9 0 - 9 1  y e a s t s
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W h e n  a  m i n i m u m  s p a n n i n g  t r e e  ( c o r r e s p o n d i n g  t o  t h e  r e s u l t s  
o f  n e a r e s t  n e i g h b o u r  c l u s t e r  a n a l y s i s  o n  t h e  c o n t i n u o u s  d a t a )  i s  
s u p e r i m p o s e d  o v e r  t h e  p r i n c i p a l  c o m p o n e n t s  p l o t s ,  t h e  
r e l a t i o n s h i p s  b e t w e e n  t h e  o r g a n i s m s  c a n  b e  s e e n .  T h i s  c a n  g i v e  a n  
i n s i g h t  i n t o  t h e  d i s t o r t i o n  o f  t h e  p r i n c i p a l  c o m p o n e n t s  p l o t s  a n d  
p e r h a p s  p o i n t  o u t  u n e x p e c t e d  r e l a t i o n s h i p s .  W i t h o u t  r e f e r e n c e  t o  
t h e  m i n i m u m  s p a n n i n g  t r e e ,  o n e  w o u l d  a s s u m e  t h a t  s t r a i n s  8 4 ,  9 0  
a n d  9 1  a r e  c l o s e l y  r e l a t e d  t o  t h e  e u b a c t e r i a  d u e  t o  t h e i r  
p r o x i m i t y  t o  t h e  e u b a c t e r i a l  c l u s t e r  o n  t h e  p r i n c i p a l  c o m p o n e n t s  
a n a l y s i s  p l o t  ( F i g u r e  4 . 7 ) .  H o w e v e r ,  e x a m i n a t i o n  o f  t h e  m i n i m u m  
s p a n n i n g  t r e e  ( F i g u r e  4 . 8 )  s h o w s  t h a t  t h e  m o u l d  a t  t h e  b o t t o m  o f  
t h e  p l o t  ( s t r a i n  8 4 )  i s  m o r e  c l o s e l y  r e l a t e d  t o  t h e  a c t i n o m y c e t e  
c l u s t e r  t h a n  t o  t h e  o t h e r  m o u l d s .  T h e  s a m e  i s  t r u e  o f  t h e  t h e  t w o  
y e a s t s  ( s t r a i n s  9 0  a n d  9 1 ) .  T h e s e  o b s e r v a t i o n s  s h o w  t h a t  i t  i s  
p o s s i b l e  t h a t  c o l o n y  m o r p h o l o g y  p l a y s  s o m e  p a r t  i n  t h e  c l u s t e r i n g  
o f  t h e  d i f f e r e n t  g r o u p s  o f  o r g a n i s m s  a s  t h e  a b o v e  t h r e e  s t r a i n s  
h a v e  q u i t e  d i f f e r e n t  c o l o n y  m o r p h o l o g i e s  t o  t h e  o t h e r  m o u l d s .  
H o w e v e r ,  s o m e  o t h e r  v a r i a b l e  o r  g r o u p  o f  v a r i a b l e s  m a y  b e  
r e s p o n s i b l e  f o r  t h i s  e f f e c t .  S i n c e  p r i n c i p a l  c o m p o n e n t s  a n a l y s i s  
u s e s  c o n t i n u o u s  d a t a  i t  i s  p o s s i b l e  t h a t  t h e  d i f f e r e n c e s  i n  
c o l o n y  s i z e  b e t w e e n  t h e  t h r e e  g r o u p s  o f  o r g a n i s m s  m a y  i n f l u e n c e  
t h e  a n a l y s i s .  T h e  q u e s t i o n  o f  t h e  v a l i d i t y  o f  c o m p a r i n g  c o l o n y  
s i z e s  o f  w i d e l y  d i f f e r e n t  g r o u p s  o f  o r g a n i s m s  w a s  r a i s e d  d u r i n g  
t h e  p l a n n i n g  o f  t h e  e x p e r i m e n t .  A  c o m p a r i s o n  o f  c l u s t e r  a n a l y s i s  
u s i n g  c o n t i n u o u s  d a t a  w i t h  t h a t  u s i n g  b i n a r y  d a t a  w i l l  s h o w  
w h e t h e r  t h e  c o n t i n u o u s  g r o w t h  m e a s u r e m e n t  a f f e c t e d  t h e  r e s u l t s .
4.3.3 Minimum Spanning Tree
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4.3.4 Cluster Analysis
C l u s t e r  a n a l y s i s  w a s  c a r r i e d  o u t  u s i n g  e i t h e r  c o n t i n u o u s  
d a t a  a n d  E u c l i d e a n  d i s t a n c e  a s  t h e  m e a s u r e  o f  s i m i l a r i t y  o r  
b i n a r y  d a t a  i n  c o n j u n c t i o n  w i t h  t h e  s i m p l e  m a t c h i n g  c o e f f i c i e n t .  
D u r i n g  c l u s t e r  a n a l y s i s  a  h i e r a r c h i c a l  s c h e m e  i s  s u p e r i m p o s e d  
o v e r  t h e  d a t a .  T h i s  i s  n o t  a l w a y s  w a r r a n t e d ,  h e n c e  i t  i s  o f t e n  
u s e f u l  t o  t a k e  a  m e a s u r e  o f  ' h i e r a r c h i c a l n e s s ' o f  t h e  d a t a  p r i o r  
t o  i n t e r p r e t a t i o n  o f  t h e  d e n d r o g r a m s  ( e g .  a  m e a s u r e  o f  c o p h e n e t i c  
c o r r e l a t i o n  -  a  s i m i l a r i t y / d i s s i m i l a r i t y  m e a s u r e ) .  I n  t h e  
a n a l y s i s  o f  a l l  9 1  t e s t  s t r a i n s  t h e  t h r e e  c l u s t e r i n g  m e t h o d s  g a v e  
t h e  f o l l o w i n g  c o p h e n e t i c  c o r r e l a t i o n  c o e f f i c i e n t s :
T h e s e  v a l u e s  i n d i c a t e  t h a t  i t  w a s  r e a s o n a b l e  t o  i m p o s e  a  
h i e r a r c h i c a l  s t r u c t u r e  o n  t h e  d a t a  b y  u s i n g  a n y  o f  t h e  t h r e e  
c l u s t e r i n g  m e t h o d s  w h e n  t h e  E u c l i d e a n  d i s t a n c e  w a s  u s e d .  H o w e v e r ,  
w h e n  t h e  s i m p l e  m a t c h i n g  c o e f f i c i e n t  w a s  u s e d  o n  b i n a r y  d a t a ,  t h e  
l o w  v a l u e s  o b t a i n e d  f o r  t h i s  c o e f f i c i e n t  i n d i c a t e  t h a t  i t  i s  
p r e f e r a b l e  t o  u s e  t h e  U P G M A  c l u s t e r i n g  m e t h o d  o n l y .
T h e  U P G M A  a n d  f u r t h e s t  n e i g h b o u r  d e n d r o g r a m s  f r o m  c l u s t e r  
a n a l y s i s  u s i n g  E u c l i d e a n  d i s t a n c e  b a s e d  o n  c o n t i n u o u s  d a t a  a r e  
s h o w n  i n  F i g u r e s  4 . 9  a n d  4 . 1 0 .  T h e  c u t  o f f  p o i n t  f o r  t h e  
f o r m a t i o n  o f  c l u s t e r s  i s  n o r m a l l y  t a k e n  a t  a  E u c l i d e a n  d i s t a n c e  
o f  2  ( W i s h a r t ,  1 9 7 8 ) .  T h e r e f o r e ,  o n  t h e  U P G M A  d e n d r o g r a m  ( F i g u r e
4 . 9 )  a l l  o f  t h e  a c t i n o m y c e t e s  a n d  e u b a c t e r i a  a n d  s e v e r a l  o f  t h e  
f u n g i  ( i n c l u d i n g  t h e  t w o  y e a s t s )  f a l l  i n t o  o n e  m a j o r  c l u s t e r .  T h e  
m a j o r i t y  o f  t h e  f u n g i  a r e  r e c o v e r e d  i n  s e v e r a l  s m a l l  c l u s t e r s  
w h i c h  a r e  n o t  c l o s e l y  r e l a t e d .
C l u s t e r i n g  M e t h o d
E u c l i d e a n
D i s t a n c e
S i m p l e  M a t c h i n g  
C o e f f i c i e n t
U P G M A
N e a r e s t  N e i g h b o u r  
F u r t h e s t  N e i g h b o u r
0 . 8 0
0 . 8 1
0 . 7 9
0 . 7 5
0 . 6 6
0 . 6 6
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Figure 4.9 UPMGA dendrogram showing cluster analysis of 91
organisms using continuous data and Euclidean distance.
F i g u r e  4 . 1 0  F u r t h e s t  N e i g h b o u r  d e n d r o g r a m  s h o w i n g  c l u s t e r  
a n a l y s i s  o f  9 1  o r g a n i s m s  u s i n g  c o n t i n u o u s  d a t a  a n d  E u c l i d e a n  
d i s t a n c e .
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A c c o r d i n g  t o  t h e  f u r t h e s t  n e i g h b o u r  d e n d r o g r a m  ( F i g u r e
4 . 1 0 ) ,  t h e  m a j o r i t y  o f  t h e  s t r a i n s  f a l l  i n t o  f o u r  m a j o r  c l u s t e r s .  
T h r e e  o f  t h e s e  c l u s t e r s  c o n t a i n  a  m i x t u r e  o f  a c t i n o m y c e t e s  a n d  
e u b a c t e r i a  w h i l s t  t h e  f o u r t h  c o n t a i n s  t h e  m a j o r i t y  o f  t h e  f u n g i .  
T h i s  c l u s t e r i n g  i s  v e r y  s i m i l a r  t o  t h a t  o b t a i n e d  u s i n g  p r i n c i p a l  
c o m p o n e n t s  a n a l y s i s  w h i c h  i s  t o  b e  e x p e c t e d  s i n c e  b o t h  a n a l y s e s  
a r e  b a s e d  o n  t h e  c o n t i n u o u s  d a t a s e t .
T h e  n e a r e s t  n e i g h b o u r  d e n d r o g r a m  o f  t h e  c o n t i n u o u s  d a t a  i s  
n o t  s h o w n  b e c a u s e  d i s t i n c t  c l u s t e r s  c o u l d  n o t  b e  s e e n .  T h e  
i n f o r m a t i o n  f r o m  n e a r e s t  n e i g h b o u r  d e n d r o g r a m s  i s  n o t o r i o u s l y  
u n r e l i a b l e .  T h i s  i s  b e c a u s e  a n  u n l i n k e d  s t r a i n  i s  a b l e  t o  j o i n  a  
c l u s t e r  a t  a  r e l a t i v e l y  l o w  s i m i l a r i t y  l e v e l  o n  t h e  d e n d r o g r a m .  
D i s t i n c t  g r o u p s  o f  i n d i v i d u a l s  t h e n  b e c o m e  l i n k e d  b y  a  c h a i n  o f  
o t h e r  i n d i v i d u a l s  b e t w e e n  c l u s t e r s ,  h e n c e  t h i s  p h e n o m e n o n  i s  
k n o w n  a s  ' c h a i n i n g '  ( D u n n  a n d  E v e r i t t ,  1 9 8 2 ) .
F i g u r e  4 . 1 1  s h o w s  t h e  U P G M A  d e n d r o g r a m  b a s e d  o n  c l u s t e r  
a n a l y s i s  o f  b i n a r y  d a t a  u s i n g  t h e  s i m p l e  m a t c h i n g  c o e f f i c i e n t .  A t  
t h e  7 5 %  s i m i l a r i t y  l e v e l  ( 7 7 . 5 %  s i m i l a r i t y  w a s  u s e d  b y  W i l l i a m s  
e t  a l .  ( 1 9 8 3 a , b )  a s  a  c u t  o f f  p o i n t  f o r  t h e  c r e a t i o n  o f  c l u s t e r s  
i n  t h e  n u m e r i c a l  t a x o n o m y  o f  S t r e p t o m y c e t e s ) ,  o n e  m a j o r  c l u s t e r  
o f  a c t i n o m y c e t e s  i s  r e c o v e r e d  c o n t a i n i n g  3 2  o u t  o f  t h e  4 9  s t r a i n s  
i n c l u d e d  i n  t h e  s t u d y .  T h e  r e m a i n i n g  a c t i n o m y c e t e s  a r e  r e c o v e r e d  
i n  s e v e r a l  m i n o r  c l u s t e r s ,  s o m e  o f  w h i c h  a l s o  c o n t a i n  e u b a c t e r i a l  
s t r a i n s .  T h e  m a j o r i t y  o f  t h e  e u b a c t e r i a  a r e  r e c o v e r e d  i n  f i v e  
s m a l l  c l u s t e r s  w h i c h  a r e  n o t  c l o s e l y  r e l a t e d .  T h i s  r e f l e c t s  t h e  
h e t e r o g e n e i t y  o f  t h e  e u b a c t e r i a  w h i c h  w e r e  c h o s e n  a s  
r e p r e s e n t a t i v e s  o f  t h e  s o i l  p o p u l a t i o n  o n  t h e  b a s i s  o f  v a r i e d  
G r a m ,  0 / F ,  o x i d a s e  a n d  c a t a l a s e  r e a c t i o n s .  A l l  b u t  t w o  o f  t h e  
f u n g i  a r e  r e c o v e r e d  i n  o n e  m a j o r  c l u s t e r  w h i c h  a l s o  i n c l u d e d  t h e  
y e a s t  s t r a i n s .  A c c o r d i n g  t o  t h i s  a n a l y s i s ,  t h e  f u n g a l  c u l t u r e s  i n  
t h i s  c l u s t e r  s h a r e  8 4 %  s i m i l a r i t y .  T h i s  r e s u l t  d i f f e r s  
c o n s i d e r a b l y  f r o m  t h a t  o b t a i n e d  w h e n  c o n t i n u o u s  d a t a  a n d  
E u c l i d e a n  d i s t a n c e  w a s  u s e d .
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Figure 4.11 UPGMA dendrogram showing cluster analysis of binary
data on 91 test organisms using the simple matching coefficient
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T h e  r e s u l t s  o f  c l u s t e r  a n a l y s i s  u s i n g  b i n a r y  d a t a  a p p e a r  t o  
b e  m o r e  c l e a r c u t  t h a n  t h o s e  f o u n d  w h e n  c o n t i n u o u s  d a t a  a r e  u s e d .  
F u r t h e r m o r e ,  t h e  f a c t  t h a t  c l u s t e r  a n a l y s i s  u s i n g  b i n a r y  d a t a  
s h o w s  t h a t  t h e  y e a s t s  a r e  m o r e  c l o s e l y  r e l a t e d  t o  t h e  f i l a m e n t o u s  
f u n g i  r a i s e s  t h e  q u e s t i o n  o f  t h e  c o m p a t i b i l i t y  o f  t h e  c o n t i n u o u s  
d a t a  f r o m  t h e  d i f f e r e n t  g r o u p s  o f  o r g a n i s m s .  W h e n  c o n t i n u o u s  d a t a  
w e r e  u s e d  f o r  c l u s t e r  a n a l y s i s  t h e  y e a s t s  a p p e a r e d  t o  b e  m o r e  
c l o s e l y  r e l a t e d  t o  t h e  e u b a c t e r i a .  T h i s  r e s u l t  s h o w s  t h a t  w h e r e  
a n a l y s e s  a r e  m a d e  o n  d i f f e r e n t  g r o u p s  o f  o r g a n i s m s  b a s e d  o n  
c o n t i n u o u s  d a t a  t h e  r e s u l t i n g  c l u s t e r i n g  a n d  s e p a r a t i o n  m a y  b e  
a f f e c t e d  b y  d i f f e r e n c e s  i n  t h e  g r o w t h  p a t t e r n  a n d  c o l o n y  
m o r p h o l o g y  o f  t h e  o r g a n i s m s .  F o r  t h i s  r e a s o n ,  i n  f u t u r e  a n a l y s e s ,  
c o n t i n u o u s  d a t a  w i l l  n o t  b e  u s e d  f o r  c o m p a r i s o n s  b e t w e e n  
d i f f e r e n t  g r o u p s  o f  o r g a n i s m s .
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I n  t h e  a n a l y s i s  o f  t h e  4 9  a c t i n o m y c e t e  s t r a i n s  a l o n e ,  t h e  
c o p h e n e t i c  c o r r e l a t i o n  c o e f f i c i e n t s  ( C C C )  w e r e  a s  f o l l o w s :
E u c l i d e a n
D i s t a n c e
S i m p l e  M a t c h i n g  
C o e f f i c i e n t
UPGMA
N e a r e s t  N e i g h b o u r  
F u r t h e s t  N e i g h b o u r
0 . 7 1
0 . 5 4
0 . 5 8
0 . 8 1
0 . 7 4
0 . 8 0
T h e  U P G M A  c l u s t e r i n g  m e t h o d  g i v e s  t h e  b e s t  C C C  v a l u e  w h e n  e i t h e r  
E u c l i d e a n  d i s t a n c e  a n d  c o n t i n u o u s  d a t a  o r  t h e  s i m p l e  m a t c h i n g  
c o e f f i c i e n t  a n d  b i n a r y  d a t a  a r e  u s e d .
T h e  U P G M A  d e n d r o g r a m  s h o w i n g  c l u s t e r  a n a l s i s  o f  t h e  4 9  
a c t i n o m y c e t e s  u s i n g  E u c l i d e a n  d i s t a n c e  b a s e d  o n  c o n t i n u o u s  d a t a  
i s  s h o w n  i n  F i g u r e  4 . 1 2 .  T h i s  m e t h o d  r e s u l t s  i n  t h e  f o r m a t i o n  o f  
t w o  m a j o r  c l u s t e r s .  O n l y  f o u r  o f  t h e  a c t i n o m y c e t e  i s o l a t e s  f a l l  
o u t s i d e  o f  t h e s e  t w o  c l u s t e r s .  I n t e r e s t i n g l y ,  i s o l a t e  4 1 ,  t h e  
o n l y  n o n - s t r e p t o m y c e t e  a m o n g s t  t h e  a c t i n o m y c e t e  t e s t  s t r a i n s ,  w a s  
r e c o v e r e d  i n  o n e  o f  t h e  m a j o r  c l u s t e r s  a l o n g  w i t h  t h e  
s t r e p t o m y c e t e s .  T h i s  r e s u l t  s h o w s  t h a t  t h i s  s t r a i n  i s  n o t  
p h y s i o l o g i c a l l y  o r  n u t r i t i o n a l l y  d i s i m i l a r  t o  t h e  s t r e p t o m y c e t e  
i s o l a t e s  i n  t h i s  c l u s t e r .
W h e n  t h e  s i m p l e  m a t c h i n g  c o e f f i c i e n t  w a s  u s e d  f o r  t h e  
c l u s t e r  a n a l y s i s  o f  b i n a r y  d a t a  f r o m  t h e  4 9  a c t i n o m y c e t e s  ( s e e  
U P G M A  d e n d r o g r a m  i n  F i g u r e  4 . 1 3 ) ,  t w o  m a j o r  c l u s t e r s  a n d  f o u r  
m i n o r  g r o u p s  w e r e  f o u n d .  T h e  t h e  t w o  m a j o r  c l u s t e r s  a n d  o n e  o f  
t h e  m i n o r  c l u s t e r s  s h a r e  7 5 %  s i m i l a r i t y  w h i l s t  t h e  w h o l e  g r o u p  o f  
4 9  a c t i n o m y c e t e s  s h a r e  5 8 %  s i m i l a r i t y .  T h i s  s h o w s  t h a t  t h e  
r e s p o n s e  o f  t h e  a c t i n o m y c e t e  i s o l a t e s  t o  t h e  p h y s i o l o g i c a l  a n d  
n u t r i t i o n a l  t e s t s  w e r e  q u i t e  s i m i l a r .  A g a i n ,  t h e  n o n -  
s t r e p t o m y c e t e  ( i s o l a t e  4 1 )  i s  r e c o v e r e d  i n  o n e  o f  t h e  m a j o r  
c l u s t e r s .  T h e s e  r e s u l t s  i m p l y  t h a t  t h e  p h y s i o l o g i c a l  a n d  
n u t r i t i o n a l  t e s t s  u s e d  i n  t h i s  s t u d y  a r e  n o t  v e r y  e f f e c t i v e  i n  
d i s c r i m i n a t i n g  b e t w e e n  g r o u p s  o f  a c t i n o m y c e t e s .  T h e  t e s t s  c h o s e n  
f o r  t h e  n u t r i t i o n a l  a n d  p h y s i o l o g i c a l  s t u d y  w e r e  n o t  e x p e c t e d  t o  
l e a d  t o  t h e  a c c u r a t e  s e p a r a t i o n  o f  a c t i n o m y c e t e  t y p e s .  U n l i k e
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t e s t s  f o r  t a x o n o m i c  s t u d i e s  w h i c h  a r e  c a r e f u l l y  s e l e c t e d  f o r  t h i s  
p u r p o s e ,  o u r  m a i n  c r i t e r i o n  f o r  t h e  i n c l u s i o n  o f  a  p a r t i c u l a r  
t e s t  w a s  t h a t  t h e  t e s t  p a r a m e t e r  m a y  b e  e a s i l y  a p p l i e d  t o  t h e  
s u b s e q u e n t  d e s i g n  o f  s e l e c t i v e  i s o l a t i o n  c o n d i t i o n s .  O t h e r  
c r i t e r i a  w e r e  t h a t  t h e  p a r a m e t e r  m a y  b e  o f  p o s s i b l e  v a l u e  i n  t h e  
p r o d u c t i o n  o f  s e c o n d a r y  m e t a b o l i t e s  o r  t h a t  i t  m a y  b e  o f  p o s s i b l e  
e c o l o g i c a l  i m p o r t a n c e  i n  t h e  d i s t r i b u t i o n  o f  a c t i n o m y c e t e s  i n  
s o i l .
T h e  a n t i b i o t i c  a c t i v i t y  o f  t h e  4 9  a c t i n o m y c e t e  t e s t  s t r a i n s  
w e r e  m a r k e d  o n  t h e  d e n d r o g r a m s  ( F i g u r e s  4 . 1 2  a n d  4 . 1 3 ) .  A l s o ,  i t  
i s  i n t e r e s t i n g  t o  n o t e  t h a t  s o m e  o f  t h e  ' a n t i b i o t i c - p r o d u c i n g ’ 
a c t i n o m y c e t e s  a r e  l i n k e d  t o g e t h e r  a t  a  h i g h  s i m i l a r i t y  l e v e l ,  
a l t h o u g h  ’ n o n - p r o d u c i n g ’ a c t i n o m y c e t e s  m a y  a l s o  j o i n  t h e s e  
’ c l u s t e r s '  a t  a  h i g h  l e v e l  o f  s i m i l a r i t y .  I t  i s  p o s s i b l e  t h a t  t h e  
t h e s e  ' n o n - a n t i b i o t i c - p r o d u c i n g ' s t r a i n s  a r e  c a p a b l e  o f  
a n t i b i o t i c  p r o d u c t i o n  b u t  a n t i b i o t i c  s u b s t a n c e s  w e r e  n o t  d e t e c t e d  
i n  o u r  s y s t e m .  T h e  p h y s i o l o g i c a l / n u t r i t i o n a l  g r o u p s  o f  a n t i b i o t i c  
p r o d u c e r s  c o u l d  n o t  h a v e  b e e n  p r e d i c t e d  o n  t h e  b a s i s  o f  t y p e  o f  
a n t i b a c t e r i a l  a c t i v i t y  ( e g .  b r o a d  s p e c t r u m ,  a n t i - G r a m  p o s i t i v e ,  
a n t i - G r a m  n e g a t i v e ) .  T h i s  i s  a n  e n c o u r a g i n g  r e s u l t ,  a s  i t  i m p l i e s  
t h a t  i f  s e l e c t i o n  o f  t h e s e  g r o u p s  o f  a n t i b i o t i c - p r o d u c i n g  
a c t i n o m y c e t e s  w e r e  a c h i e v e d  o n  t h e  b a s i s  o f  
n u t r i t i o n a l / p h y s i o l o g i c a l  p a r a m e t e r s ,  t h e n  t h e  a n t i b i o t i c  
c a p a b i l i t i e s  o f  t h e  i s o l a t e s  w o u l d  n o t  b e  e x p e c t e d  t o  b e  
r e s t r i c t e d .
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F i g u r e  4 . 1 2  UPG M A d e n d r o g r a m  s h o w i n g  c l u s t e r  a n a l y s i s  o f  4 9
a c t i n o m y c e t e s  u s i n g  c o n t in u o u s  d a t a  a n d  E u c l i d e a n  d i s t a n c e
F i g u r e  4 . 1 3  U P G M A  d e n d r o g r a m  s h o w i n g  c l u s t e r  a n a l y s i s  o f  4 9  
a c t i n o m y c e t e s  u s i n g  b i n a r y  d a t a  a n d  t h e  s i m p l e  m a t c h i n g  
c o e f f i c i e n t
+ a n t ib io t ic -p r o d u c in g  
actin om ycete  
-  n o n -a n t ib io t ic -p ro d u c in g  
ac tin om ycete
T h e  s p o r e  c o l o u r s  o f  t h e  a c t i n o m y c e t e  c l u s t e r  m e m b e r s  w e r e  
e x a m i n e d .  H o w e v e r ,  n o  c l e a r c u t  r e l a t i o n s h i p  w a s  f o u n d  b e t w e e n  
c l u s t e r  m e m b e r s h i p  a n d  t h e  c o l o u r  c h a r a c t e r i s t i c s  o f  t h e  
a c t i n o m y c e t e  c o l o n y .  F o r  e x a m p l e ,  w h i l s t  s o m e  g r e e n - s p o r e d  
i s o l a t e s  w e r e  f o u n d  t o  g r o u p  t o g e t h e r  a t  a  9 3 %  s i m i l a r i t y  l e v e l  
( e g .  s t r a i n s  4 3 , 4 5 , 3 7 ,  a n d  4 4 )  i s o l a t e s  w i t h  s p o r e s  o f  o t h e r  
c o l o u r s  w e r e  a l s o  j o i n e d  a t  t h i s  l e v e l  ( s t r a i n s  2 6  a n d  3 3 ) .  T h i s  
s h o w s  t h a t  t h e r e  i s  a  l a r g e  o v e r l a p  i n  t h e  n u t r i t i o n a l  a b i l i t i e s  
o f  m o r p h o l o g i c a l l y  ( a n d  p o s s i b l y  t a x o n o m i c a l l y * )  d i s t i n c t  
i s o l a t e s .  T h i s  i m p l i e s  t h a t  i f  n u t r i t i o n a l / p h y s i o l o g i c a l  
p a r a m e t e r s  w e r e  u s e d  t o  s e l e c t  f o r  p a r t i c u l a r  g r o u p s  o f  
o r g a n i s m s ,  t h e  s e l e c t e d  o r g a n i s m s  c o u l d  b e  e x p e c t e d  t o  b e  q u i t e  
d i v e r s e  m o r p h o l o g i c a l l y  ( a n d  p o s s i b l y  t a x o n o m i c a l l y ) .
* A l t h o u g h  m o r p h o l o g y  i s  n o t  h e a v i l y  r e l i e d  o n  f o r  t h e  
c l a s s i f i c a t i o n  o f  S t r e p t o m y c e t e s ,  c o l o u r  g r o u p i n g  l e a d s  t o  t h e  
p r o d u c t i o n  o f  g r o u p s  a n a l o g o u s  t o  t h e  s p e c i e s  g r o u p s  o f  W i l l i a m s  
e t  a l .  ( 1 9 8 3 a , b )  ( K e a s t  e t  a l . ,  1 9 8 4 a ) .  H o w e v e r ,  i t  s h o u l d  b e  
n o t e d  t h a t  s o m e  v a r i a t i o n  i n  c o l o u r  c h a r a c t e r i s t i c s  d o e s  e x i s t  
w i t h i n  t h e  s p e c i e s  g r o u p s  f r o m  n u m e r i c a l  t a x o n o m y .
4.3.5 Discriminant Analysis
Discriminant Analysis of Actinomycetes vs. Eubacteria vs. Fungi
D i s c r i m i n a n t  a n a l y s i s  o f  a c t i n o m y c e t e s  v e r s u s  e u b a c t e r i a  
v e r s u s  f u n g i  p r o d u c e s  a  p l o t  o n  c a n o n i c a l  v a r i a t e  a x e s .  T h i s  i s  a  
t w o  d i m e n s i o n a l  p l o t  ( s i m i l a r  t o  t h a t  f o r m e d  b y  p r i n c i p a l  
c o m p o n e n t s  a n a l y s i s )  w h i c h  a l l o w s  a  v i s u a l  r e p r e s e n t a t i o n  o f  t h e  
e f f e c t i v e n e s s  o f  t h e  a n a l y s i s  t o  b e  o b t a i n e d .  U n l i k e  p r i n c i p a l  
c o m p o n e n t s  a n a l y s i s ,  w h e r e  t h e  f u l l  d a t a s e t  i s  u s e d  t o  o b t a i n  t h e  
p l o t s ,  d i s c r i m i n a n t  a n a l y s i s  u s e s  o n l y  t h e  i n f o r m a t i o n  f r o m  t h e  
m o s t  d i s c r i m i n a t i n g  v a r i a b l e s .  T h i s  n o r m a l l y  r e s u l t s  i n  e n h a n c e d  
s e p a r a t i o n  b e t w e e n  g r o u p s  a n d  i m p r o v e d  c l u s t e r i n g  w i t h i n  g r o u p s  
s i n c e  b a c k g r o u n d  ’ n o i s e ’ i s  r e d u c e d  a s  u n h e l p f u l  i n f o r m a t i o n  i s  
e x c l u d e d .  I t  c a n  b e  s e e n  t h a t  d i s c r i m i n a n t  a n a l y s i s ,  u s i n g  
c o n t i n u o u s  d a t a  a n d  R a o ' s  s t e p w i s e  p r o c e d u r e  ( F i g u r e  4 . 1 4 ) ,
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p r o d u c e s  e x c e l l e n t  c l u s t e r i n g  a n d  s e p a r a t i o n  o f  t h e  t h r e e  
d i f f e r e n t  g r o u p s  o f  o r g a n i s m s .
F i g u r e  4 . 1 4  S c a t t e r p l o t  o f  a c t i n o m y c e t e s  ( 1 ) ,  e u b a c t e r i a  ( 2 )  a n d  
f u n g i  ( 3 )  f r o m  c a n o n i c a l  v a r i a t e  a n a l y s i s  o f  
p h y s i o l o g i c a l  a n d  n u t r i t i o n a l  t e s t  d a t a  o n  9 1  
o r g a n i s m s .
*  i n d i c a t e s  a  g r o u p  c e n t r o i d
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D e s ig n  o f  S e l e c t i v e  I s o l a t i o n  M e d ia  U s in g  D i s c r i m i n a n t  A n a l y s i s
T h e  o u t p u t  f r o m  d i s c r i m i n a n t  a n a l y s i s  i n c l u d e s  a  l i s t  o f  t h e  
m o s t  d i s c r i m i n a t i n g  v a r i a b l e s .  T h e s e  v a r i a b l e s  m a y  b e  u s e f u l  i n  
t h e  d e s i g n  o f  s e l e c t i v e  i s o l a t i o n  m e d i a  f o r  t h e  d e s i r e d  g r o u p s  o f  
o r g a n i s m s .  F o r  t h e  d e s i g n  o f  n e w  c u l t u r e  m e d i a  f o r  a n t i b i o t i c -  
p r o d u c i n g  a c t i n o m y c e t e s ,  d i s c r i m i n a n t  a n a l y s i s  w a s  c a r r i e d  o u t  
t w i c e .  F i r s t  t o  f i n d  s e l e c t i v e  p r e s s u r e s  w h i c h  r e s u l t  i n  e n h a n c e d  
c o m p e t i t i v e n e s s  o f  a c t i n o m y c e t e s  c o m p a r e d  w i t h  e u b a c t e r i a  a n d  
t h e n  t o  f i n d  c o n d i t i o n s  w h i c h  s e l e c t i v e l y  e n c o u r a g e  a n t i b i o t i c -  
p r o d u c i n g  a c t i n o m y c e t e s  o v e r  n o n - p r o d u c i n g  a c t i n o m y c e t e s . T h e  
d a t a  f r o m  t h e  f u n g i  w a s  n o t  u s e d  f o r  t h e  d e s i g n  o f  m e d i a  b e c a u s e  
t h e s e  o r g a n i s m s  c a n  b e  a d e q u a t e l y  c o n t r o l l e d  b y  t h e  u s e  o f  
a n t i f u n g a l  a g e n t s  w h i c h  d o  n o t  a f f e c t  b a c t e r i a .  R a o ' s  V  w a s  u s e d  
a s  a  c r i t e r i o n  f o r  s e l e c t i o n  o f  t h e  v a r i a b l e s  i n t o  d i s c r i m i n a n t  
a n a l y s i s .  I t  w a s  f e l t  t h a t  t h i s  m e a s u r e  w a s  t h e  m o s t  a p p l i c a b l e  
t o  t h e  s e l e c t i o n  o f  t e s t s  f o r  m e d i a  d e s i g n .  R a o ' s  V  m a x i m i s e s  
g r o u p  s e p a r a t i o n  w i t h o u t  n e c e s s a r i l y  i n c r e a s i n g  g r o u p  
c o h e s i v e n e s s .  M a x i m i s a t i o n  o f  g r o u p  s e p a r a t i o n  w o u l d  h a v e  a n  
o p t i m a l  e f f e c t  o n  m e d iu m  s e l e c t i v i t y  w h i l s t  i n c r e a s e  i n  g r o u p  
c o h e s i v e n e s s  w o u l d  n o t  n e c e s s a r i l y  b e  j u s t i f i e d  s i n c e  t h e  g r o u p  
m e m b e r s  w e r e  n o t  b e l i e v e d  t o  b e  c l o s e l y  r e l a t e d .
A c t i n o m y c e t e s  v e r s u s  E u b a c t e r i a
U s i n g  d a t a  o n  a c t i n o m y c e t e s  a n d  e u b a c t e r i a ,  d i s c r i m i n a n t  
a n a l y s i s  u s i n g  R a o ' s  s t e p w i s e  p r o c e d u r e  w a s  u s e d  t o  d i s c r i m i n a t e  
b e t w e e n  t h e  t w o  g r o u p s  o f  o r g a n i s m s .  T h i s  p r o d u c e d  a  l i s t  o f  t h e  
m o s t  d i s c r i m i n a t o r y  v a r i a b l e s  f o r  e a c h  g r o u p  ( s e e  T a b l e  4 . 3 ) .  T h e  
a n a l y s i s  w a s  c a r r i e d  o u t  b o t h  o n  b i n a r y  a n d  c o n t i n u o u s  d a t a .
I t  c a n  b e  s e e n  t h a t  t h e  r e c o m m e n d a t i o n s  f r o m  d i s c r i m i n a n t  
a n a l y s i s  a r e  b r o a d l y  s i m i l a r  u s i n g  e i t h e r  c o n t i n u o u s  o r  b i n a r y  
d a t a .  G r o w t h  a t  a  s t a r t i n g  p H  o f  7 . 7  a n d  g r o w t h  o n  g l u c o s e  ( 1 % )  
a n d  p r o l i n e  w e r e  l i s t e d  b y  b o t h  a n a l y s e s  a s  f a c t o r s  s u i t a b l e  f o r  
t h e  s e l e c t i o n  o f  a c t i n o m y c e t e s .  A s p a r t a t e  a n d  0 . 0 5 %  c o b a l t  a n d  p H  
6 . 4  c o n s i s t e n t l y  f e a t u r e  a s  s t r o n g  n e g a t i v e  c h a r a c t e r s  f o r
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a c t i n o m y c e t e s .  S t a r c h ,  n i t r a t e ,  1%  h u m i c  a c i d ,  1% p r o p i o n a t e  a n d  
m e t h a n o l  w e r e  a l s o  i n c l u d e d  a s  p o s s i b l e  s e l e c t i v e  s u b s t r a t e s .  T h e  
p e r c e n t a g e  o f  c o r r e c t l y  c l a s s i f i e d  c a s e s  w a s  c o n s i s t e n t l y  h i g h .  
T h e  r e c o m m e n d a t i o n s  w e r e  c o n s i s t e n t  w i t h  t h e  t r e n d s  s e e n  w h e n  t h e  
d a t a  w e r e  s u m m a r i z e d  a s  p e r c e n t  p o s i t i v e  t e s t  r e a c t i o n s .
T a b l e  4 . 3  D i s c r i m i n a t i n g  v a r i a b l e s  f o r  A c t i n o m y c e t e s  v s .  
E u b a c t e r i a
C o n t i n u o u s  D a t a B i n a r y  D a t a
cno-p0o>i
S0
•H■pocd
cd•rlu0■POcdID30
V a r i a b l e F u n c t i o n  1
p H  7 . 7 - 0 . 7 8
g l y c e r o l - 0 . 5 4
g l u c o s e  1 % - 0 . 4 8
p r o l i n e - 0 . 4 3
n i t r a t e - 0 . 2 7
s t a r c h - 0 . 2 8
- c a l c i u m - 0 . 2 1
p h e n o l  0 . 1 % 0 . 2 9
c o b a l t  0 . 0 5 % 0 . 4 1
p r o p i o n a t e  0 . 1%  0 . 5 2
p H  6 . 4 0 . 5 2
a l a n i n e 0 . 5 4
v i t a m i n s 0 . 6 3
a s p a r t a t e 1 . 0 6
cn0•p0o>isoc•H-pocd
V a r i a b l e F u n c t i o n  1
p H  7 . 7 - 0 . 9 2
p r o l i n e - 0 . 9 0
h u m i c  a c i d 0 . 1 % - 0 . 5 6
g l u c o s e  1 % - 0 . 5 2
p H  8 - 0 . 4 0
p r o p i o n a t e 1 % - 0 . 3 6
m e t h a n o l - 0 . 3 6
g l u t a m i c  a c i d 0 .2 0
I S G  3 0 ° C 0 . 2 3
p H  6 . 4 0 . 2 4
a m m o n ia 0 . 2 6
h u m i c  a c i d 1 % 0 . 2 7
t h r e o n i n e 0 . 2 9
c o b a l t  0 . 0 5 % 0 . 3 3
a l a n i n e 0 . 3 9
g l u c o s e  0 . 1 % 0 . 9 3
a s p a r t a t e 1 . 1 5
9 8 . 6 4 %  c a s e s  c o r r e c t l y  
c l a s s i f i e d
9 8 . 6 4 %  c a s e s  c o r r e c t l y  
c l a s s i f i e d
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T a b l e  4 . 4  D i s c r i m i n a t i n g  v a r i a b l e s  f o r  A c t i n o m y c e t e s :  
A n t i b i o t i c - P r o d u c e r s  v s .  N o n - P r o d u c e r s .
C o n t i n u o u s D a t a B i n a r y D a t a
V a r i a b l e F u n c t i o n  1 V a r i a b l e F u n c t i o n  1
p r o l i n e - 1 . 9 3 tou <L v i t a m i n s - 0 . 9 4
g l u c o s e  1 % - 1 . 6 0 o3 c o b a l t  0 . 0 5 % - 0 . 7 3
- p o t a s s i u m - 1 . 5 1
'O0u a m m o n ia - 0 . 6 9
a s p a r a g i n e - 1 . 3 9
a1u p H  7 . 7 - 0 . 6 4
c o b a l t  0 . 0 5 % - 1 . 3 0
•H4-10 a s p a r a g i n e - 0 . 5 6
g l y c e r o l - 0 . 9 2
■H
•H p r o l i n e - 0 . 5 5
- z i n c - 0 . 8 7 CCO s t a r c h - 0 . 3 8
a l a n i n e - 0 .8 6
h u m i c  a c i d  0 . 1 % - 0 . 6 9
p r o p i o n a t e  1 % 0 . 3 9 cn m e t h a n o l 0 . 4 1
h u m i c  a c i d  1 % 0 . 5 0 4)U I S G  2 8 ° C 0 . 5 9
n i t r a t e 0 . 5 9 *00u - m a g n e s i u m 0 . 8 5
g l u c o s e  0 . 1 % 0 .6 6 aic n i t r a t e 1 . 3 4
I S G  3 0 ° C 0 . 6 9
0 1c ’ h u m i c  a c i d  1 % 1 . 5 3
I S G  2 8 ° C 1 . 2 8
- c o p p e r 1 . 6 1
- m a g n e s i u m 2 . 3 0
t h r e o n i n e 3 . 4 3
9 1 . 8 4 %  c a s e s  c o r r e c t l y 8 5 . 7 1 %  c a s e s c o r r e c t l y
c l a s s i f i e d c l a s s i f i e d
A n t i b i o t i c - p r o d u c e r s  v e r s u s  N o n - P r o d u c e r s
U s i n g  a  d a t a  m a t r i x  c o n t a i n i n g  o n l y  t h e  a c t i n o m y c e t e  d a t a ,  
t h e  g r o u p s  o f  ' a n t i b i o t i c - p r o d u c e r s ' a n d  ' n o n - p r o d u c e r s 1 w e r e  
s p e c i f i e d  a n d  d i s c r i m i n a n t  a n a l y s i s  w a s  c a r r i e d  o u t  u s i n g  R a o ' s  
s t e p w i s e  p r o c e d u r e  ( T a b l e  4 . 4 ) .
P r o l i n e ,  a s p a r a g i n e ,  0 . 0 5 %  c o b a l t  a n d  s t a r c h  a p p e a r  a s  
p o s s i b l e  s e l e c t i v e  s u b s t r a t e s  f o r  a n t i b i o t i c  p r o d u c e r s  w h e r e a s  
t h r e o n i n e ,  n i t r a t e  a n d  a b s e n c e  o f  m a g n e s i u m  a n d  c a l c i u m  a r e  
s e l e c t i v e  f o r  n o n - p r o d u c e r s .  T h e  c o n t i n u o u s  d a t a  a l s o  i n d i c a t e s  
t h e  i n h i b i t i o n  o f  a n t i b i o t i c - p r o d u c e r s  b y  z i n c  a n d  p o t a s s i u m  a n d
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t h e  p o s s i b l e  i m p o r t a n c e  o f  1 % h u m i c  a c i d ,  1 % g l u c o s e  a n d  g l y c e r o l  
a s  s u b s t r a t e s .  T h e  u s e  o f  b i n a r y  d a t a  r e s u l t e d  i n  t h e  l o s s  o f  
i n f o r m a t i o n  s u c h  t h a t  t h e  n u m b e r  o f  c o r r e c t l y  c l a s s i f i e d  c a s e s  
d r o p p e d  t o  a p p r o x i m a t e l y  86% . H o w e v e r ,  t h e  u s e  o f  c o n t i n u o u s  d a t a  
p r o d u c e d  a  h i g h  c l a s s i f i c a t i o n  r a t e  ( 9 1 . 8 4 % ) .
T h e  h i g h  d e g r e e  o f  c o r r e c t  c l a s s i f i c a t i o n  o b t a i n e d  u s i n g  
d i s c r i m i n a n t  a n a l y s i s  s h o w s  t h a t  i t  w a s  s u c c e s s f u l  i n  
d i f f e r e n t i a t i n g  b o t h  a c t i n o m y c e t e s  a n d  a n t i b i o t i c - p r o d u c i n g  
a c t i n o m y c e t e s  f r o m  t h e  p o p u l a t i o n  o n  t h e  b a s i s  o f  t h e i r  r e a c t i o n  
t o  p a r t i c u l a r  t e s t s .  D i s c r i m i n a n t  a n a l y s i s  h a s  a n  a d v a n t a g e  o v e r  
t h e  u s e  o f  p e r c e n t a g e  p o s i t i v e  d a t a  f o r  t h e  i d e n t i f i c a t i o n  o f  
s e l e c t i v e  s u b t r a t e s  i n  t h a t  t h e  f o r m e r  e n s u r e s  a  h i g h  d e g r e e  o f  
c l a s s i f i c a t i o n  b y  c h o o s i n g  s u b s t r a t e s  w h i c h  i n  c o m b i n a t i o n  w i l l  
r e s u l t  i n  t h e  g r o w t h  o f  a l l  o f  t h e  c a s e s  w i t h i n  t h a t  g r o u p .  I n  
c o n t r a s t ,  p e r c e n t a g e  p o s i t i v e  r e s u l t s  o n l y  t a k e  i n t o  a c c o u n t  t h e  
t o t a l  n u m b e r s  o f  i s o l a t e s  r e c o v e r e d  s o  t h a t  t w o  s u b s t r a t e s  e a c h  
c a p a b l e  o f  r e c o v e r i n g  5 0 %  o f  t h e  g r o u p  w i l l  n o t  r e c o v e r  1 0 0 %  o f  
t h e  g r o u p  w h e n  a p p l i e d  i n  c o m b i n a t i o n  u n l e s s  t h e r e  i s  n o  o v e r l a p  
b e t w e e n  t h e  i s o l a t e s  r e c o v e r e d  b y  e a c h  s u b s t r a t e  i n d i v i d u a l l y .  
F u r t h e r m o r e ,  t h e  u s e ,  i n  d i s c r i m i n a n t  a n a l y s i s ,  o f  c o l o n y  
d i a m e t e r  m e a s u r e m e n t s  ( c o n t i n u o u s  d a t a )  a l l o w e d  f u r t h e r  s e l e c t i v e  
s u b s t r a t e s  t o  b e  f o u n d  o v e r  a n d  a b o v e  t h o s e  o b t a i n e d  u s i n g  g r o w t h  
o r  n o  g r o w t h  ( b i n a r y  d a t a ) .  T h e  o n l y  c r i t i c i s m  o f  d i s c r i m i n a n t  
a n a l y s i s  i s  t h a t  t h e  c o n t e n t  o f  t h e  l i s t  o f  d i s c r i m i n a t i n g  
v a r i a b l e s  i s  h e a v i l y  r e l i a n t  o n  t h e  f i r s t  f e w  v a r i a b l e s  i n  t h a t  
l i s t .  F o r  e x a m p l e ,  i f  v a r i a b l e s  A  a n d  B  c o l l e c t i v e l y  r e c o v e r  8 0 %  
o f  t h e  o r g a n i s m s  i n  a  p a r t i c u l a r  g r o u p ,  t h e n  d i s c r i m i n a n t  
a n a l y s i s  w i l l  s e e k  a  v a r i a b l e  C ,  w h i c h  r e s u l t s  i n  t h e  r e c o v e r y  o f  
t h e  r e m a i n i n g  2 0 %  o f  t h e  g r o u p  m e m b e r s .  R e m o v a l  o f  o n e  o f  t h e  
f i r s t  f e w  v a r i a b l e s  f r o m  t h e  d a t a b a s e  m a y  g r e a t l y  c h a n g e  t h e  
c o n t e n t  o f  t h e  d i s c r i m i n a n t  l i s t .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  g l y c e r o l ,  s t a r c h  a n d  
p r o p i o n a t e  a r e  c u r r e n t l y  e m p l o y e d  i n  m e d i a  s e l e c t i v e  f o r  
a c t i n o m y c e t e s .  U s e  o f  a l k a l i n e  p H  ( m o r e  e x t r e m e  t h a n  t h a t  
r e c o m m e n d e d  b y  t h i s  a n a l y s i s )  h a s  a l s o  b e e n  s u g g e s t e d  f o r
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a c t i n o m y c e t e  i s o l a t i o n  ( H o  a n d  K o ,  1 9 8 5 ) .  N i t r a t e  a s  a  n i t r o g e n  
s o u r c e  i s  w i d e l y  u s e d  i n  a c t i n o m y c e t e  i s o l a t i o n  m e d i a .  B o t h  M 3  
m e d i u m  ( R o w b o t h a m  a n d  C r o s s ,  1 9 7 7 )  a n d  s t a r c h - c a s e i n  m e d i u m  
( K u s t e r  a n d  W i l l i a m s ,  1 9 6 4 )  c o n t a i n  n i t r a t e .  T h i s  s h o w s  t h a t  
d i s c r i m i n a n t  a n a l y s i s  i d e n t i f i e d  u s e f u l  s e l e c t i v e  s u b s t r a t e s  e v e n  
t h o u g h  s o m e  o f  t h e m  a r e  a l r e a d y  k n o w n .  T h i s  a d d s  c o n f i d e n c e  t o  
t h e  r e s u l t s  o f  t h e  a n a l y s i s .
H u m i c  a c i d  i s  a  s u b s t r a t e  w h i c h  h a s  f o r  a  l o n g  t i m e  b e e n  
l i n k e d  w i t h  a c t i n o m y c e t e s  i n  n a t u r e .  K u s t e r  a n d  W i l l i a m s  ( 1 9 6 4 )  
r e p o r t e d  t h a t  c e r t a i n  a c t i n o m y c e t e s  m a y  u t i l i s e  h u m i c  a c i d s  f o r  
g r o w t h ,  h o w e v e r ,  t h e r e  i s  n o  e v i d e n c e  t h a t  a c t i n o m y c e t e s  g r o w  
b e t t e r  o n  i t  t h a n  d o  e u b a c t e r i a .  T h e s e  r e s u l t s  s h o w  t h a t  h u m i c  
a c i d  a t  0 . 1 % ( a s  o p p o s e d  t o  1 % ) i s  p r e f e r e n t i a l  f o r  a c t i n o m y c e t e  
i s o l a t i o n  a n d  t h a t  i t  m a y  b e  a  u s e f u l  s u b s t r a t e  f o r  t h e  i s o l a t i o n  
o f  a n t i b i o t i c - p r o d u c i n g  s t r a i n s .  I n  c e r t a i n  m i c r o o r g a n i s m s ,  h u m i c  
s u b s t a n c e s  h a v e  b e e n  o b s e r v e d  t o  i n d u c e  a  c h a n g e  i n  m e t a b o l i s m ,  
a l l o w i n g  t h e  o r g a n i s m s  t o  p r o l i f e r a t e  o n  s u b s t a n c e s  w h i c h  
p r e v i o u s l y  t h e y  c o u l d  n o t  u t i l i z e  ( V i s s e r ,  1 9 8 5 ) .  T h i s  p h e n o m e n o n  
w a s  a t t r i b u t e d  t o  t h e  s u r f a c e  a c t i v e  p r o p e r t i e s  o f  h u m i c  a c i d .  
H u m i c  a c i d s  h a v e  a l s o  b e e n  r e p o r t e d  t o  i n d u c e  s p o r a n g i u m  
f o r m a t i o n  i n  t h e  A c t i n o p l a n a c e a e  ( W i l l o u g h b y  a n d  B a k e r ,  1 9 6 9 ) .
G l u c o s e  i s  n o t  a  s u b s t r a t e  n o r m a l l y  u s e d  i n  a c t i n o m y c e t e  
i s o l a t i o n  m e d i a  d u e  t o  t h e  a s s u m p t i o n  t h a t  b a c t e r i a  g e n e r a l l y  
h a v e  a  h i g h e r  s u b s t r a t e  a f f i n i t y  f o r  i t .  T h i s  a n a l y s i s  
r e c o m m e n d e d  g l u c o s e  a l t h o u g h  i t  i s  p o s s i b l e  t h a t  t h e  s u p r e s s i o n  
o f  b a c t e r i a  o n  t h i s  m e d iu m  w a s  d u e  t o  t h e  e f f e c t  o f  g l u c o s e  i n  
c o m b i n a t i o n  w i t h  a m m o n iu m  s u l p h a t e .  U s e  o f  a m m o n iu m  c h l o r i d e  i n  a  
g l u c o s e  c o n t a i n i n g  m e d iu m  d i d  n o t  h a v e  a n  i n h i b i t o r y  e f f e c t  o n  
e u b a c t e r i a ,  i n  f a c t  t h i s  g r o u p  o f  o r g a n i s m s  w e r e  f a v o u r e d .
I n  t h e  p a s t ,  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s  h a v e  n o t  
b e e n  t a r g e t e d  a t  t h e  i s o l a t i o n  s t a g e  ( e x c e p t  v i a  t h e  u s e  o f  
a n t i b i o t i c  r e s i s t a n c e ) .  T h e r e f o r e ,  w e  h a v e  n o  a v a i l a b l e  
i n f o r m a t i o n  c o n c e r n i n g  e x i s t i n g  s e l e c t i v e  s u b s t r a t e s  a n d  
c o n d i t i o n s  f o r  t h i s  g r o u p  o f  o r g a n i s m s .
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P r o l i n e  a s  a  c a r b o n  a n d  n i t r o g e n  s o u r c e  w a s  r e c o m m e n d e d  a s  a  
s t r o n g  p o s i t i v e  d i s c r i m i n a t o r  f o r  a c t i n o m y c e t e s  a n d  a n t i b i o t i c -  
p r o d u c i n g  a c t i n o m y c e t e s .  P r o l i n e  h a s  n o t  b e e n  u s e d  i n  i s o l a t i o n  
m e d i a  i n  t h e  p a s t .  H o w e v e r ,  m a n y  a m i n o  a c i d s  a r e  k n o w n  t o  s u p p o r t  
a n t i b i o t i c  p r o d u c t i o n  ( e g .  a s p a r a g i n e ,  a l a n i n e ,  a r g i n i n e  a n d  
g l u t a m i n e )  ( A h a r o n o w i t z , 1 9 7 9 ;  S h e n  et al.,  1 9 8 4 ) .  I n d e e d ,  a m i n o  
a c i d s  m a y  b e  p a r t i c u l a r l y  u s e f u l  a l t e r n a t i v e  n i t r o g e n  s o u r c e s  i n  
a n t i b i o t i c  f e r m e n t a t i o n s  w h e r e  a m m o n i a  r e p r e s s e s  a n t i b i o t i c  
p r o d u c t i o n .  W h e n  a  c o m p o u n d  s u c h  a s  a n  a m i n o  a c i d  c a n  b e  u s e d  a s  
a  c a r b o n  a n d  n i t r o g e n  s o u r c e  ( e g .  p r o l i n e ) ,  t h e  e n z y m e s  i n v o l v e d  
i n  i t s  m e t a b o l i s m  m i g h t  b e  s u b j e c t  t o  b o t h  c a r b o n  a n d  n i t r o g e n  
r e g u l a t i o n  a n d  b o t h  r e g u l a t o r y  e f f e c t s  m a y  h a v e  c o n s e q u e n c e s  f o r  
a n t i b i o t i c  b i o s y n t h e s i s .  T h e  e x a c t  g e n e t i c  a n d  m e t a b o l i c  s i g n a l s  
t h a t  a r e  r e s p o n s i b l e  f o r  t h e  r e p r e s s i v e  a n d  i n d u c t i v e  s t e p s  a r e  
n o t  y e t  u n d e r s t o o d  a t  t h e  m o l e c u l a r  l e v e l .
C o b a l t  ( 0 . 0 5 % )  w a s  a l s o  r e c o m m e n d e d  a s  a  s t r o n g  s e l e c t i v e  
a g e n t  f o r  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s .  H o w e v e r ,  i t  w a s  
a l s o  a  h i g h  n e g a t i v e  d i s c r i m i n a t o r  f o r  a c t i n o m y c e t e s .  F o r  t h i s  
r e a s o n  c o b a l t  ( 0 . 0 5 % )  w o u l d  n o t  b e  s u i t a b l e  f o r  i n c l u s i o n  i n  
i s o l a t i o n  m e d i a  b u t  p e r h a p s  c o u l d  b e  u s e d  i n  a  l a t e  s t a g e  o f  a  
m u l t i - s t a g e  e n r i c h m e n t .  C o b a l t  i s  r e q u i r e d  a s  a  t r a c e  m e t a l  f o r  
p r o d u c t i o n  o f  v i t a m i n  B X2  ( c y a n o c o b a l a m i n )  w h i c h  c a t a l y s e s  m a n y  
e n z y m i c  r e a c t i o n s  i n v o l v e d  i n  b i o l o g i c a l  p r o c e s s e s .  H o w e v e r ,  i n  
h i g h  c o n c e n t r a t i o n s  c o b a l t  m a y  b e  i n h i b i t o r y  t o  m a n y  
m i c r o o r g a n i s m s .  C o b a l t  i s  r e q u i r e d  a s  a  t r a c e  m e t a l  b y  
s t r e p t o m y c e t e s  f o r  a n t i b i o t i c  p r o d u c t i o n  ( F o o r  e t  a l . ,  1 9 8 2 ) .  I t  
i s  a l s o  k n o w n  t h a t  p - l a c t a m  a n t i b i o t i c s  c o m p l e x  m e t a l  i o n s  a t  
h i g h  c o n c e n t r a t i o n s  ( F a z e r k e r l y  a n d  J a c k s o n ,  1 9 7 5 ) .  A s  a  r e s u l t  
o f  t h i s  o b s e r v a t i o n ,  i t  i s  t h o u g h t  t h a t  s t r a i n s  w h i c h  b e c o m e  
r e s i s t a n t  t o  t h e s e  m e t a l l i c  i o n s  d o  s o  b y  o v e r p r o d u c i n g  p - l a c t a m  
a n t i b i o t i c s  a s  a  m e a n s  o f  d e t o x i f y i n g  t h e m  ( C h a n g  a n d  E l a n d e r ,  
1 9 7 9 ) .  O n a d i p e  ( 1 9 8 5 )  f o u n d  t h a t  m e d i a  c o n t a i n i n g  0 . 0 5 %  c o b a l t  
c h l o r i d e  s e l e c t e d  f o r  h i g h  t i t r e  a n t i b i o t i c - p r o d u c i n g  a n d  h i g h  
b i o m a s s  p r o d u c i n g  U V  r a d i a t i o n - i n d u c e d  m u t a n t s  o f  S t r e p t o m y c e s  
c a t t l e y a .
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I s o l a t i o n  M e d iu m  E f f e c t s
I t  w a s  p o i n t e d  o u t  e a r l i e r  ( S e c t i o n  4 . 2 . 1 )  t h a t  t h e  
i s o l a t i o n  m e d i a  u s e d  t o  o b t a i n  t h e  s o i l  i s o l a t e s ,  p r i o r  t o  
c a r r y i n g  o u t  t h e  n u t r i t i o n a l  a n d  p h y s i o l o g i c a l  s t u d y ,  c o u l d  h a v e  
a  l a r g e  e f f e c t  o n  t h e  a p p a r e n t  c a p a b i l i t i e s  o f  t h e  f r a c t i o n  o f  
t h e  s o i l  p o p u l a t i o n  i s o l a t e d .  D i s c r i m i n a n t  a n a l y s i s  o f  o r g a n i s m s  
g r o u p e d  a c c o r d i n g  t o  t h e  m e d iu m  t h e y  w e r e  i s o l a t e d  o n  w a s  u s e d  t o  
a s s e s s  t h i s  p o s s i b l e  e f f e c t .  T h e  r e s u l t s  s h o w e d  t h a t  t h e  
i s o l a t i o n  m e d i u m  g r o u p i n g  c o u l d  n o t  a c h i e v e  a c c u r a t e  
d i s c r i m i n a t i o n .  T h e  i s o l a t i o n  m e d i a  c o n s t i t u e n t s  d i d  n o t  a p p e a r  
i n  t h e  R a o ' s  s t e p w i s e  d i s c r i m i n a n t  v a r i a b l e  l i s t i n g  a n d ,  
f u r t h e r m o r e ,  p o o r  c o r r e c t  c l a s s i f i c a t i o n  r a t e s  w e r e  e n c o u n t e r e d .  
T h i s  i n d i c a t e s  t h a t  t h e  s e l e c t i v e  m e d i a  u s e d  w e r e  n o t  s e l e c t i v e  
f o r  o r g a n i s m s  w i t h  r e s t r i c t e d  p h y s i o l o g i c a l  a n d  n u t r i t i o n a l  
c a p a b i l i t i e s .  I t  c a n  b e  c o n c l u d e d  t h a t  t h e  i s o l a t i o n  m e d i a  h a d  n o  
i n f l u e n c e  o n  t h e  s u b s e q u e n t  p e r f o r m a n c e  o f  t h e  i s o l a t e s  i n  t h e  
n u t r i t i o n a l  a n d  p h y s i o l o g i c a l  t e s t s .
4.3.6 Qualitative Results
S p o r u l a t i o n  o f  t h e  a c t i n o m y c e t e  t e s t  s t r a i n s  w a s  b e s t  o n  t h e  
m a l t o s e  c o n t a i n i n g  m e d i u m .  G l u c o s e  0 . 1 % ,  p r o p i o n a t e  0 . 1 % ,  
m e t h a n o l  a n d  h u m i c  a c i d  0 . 1 % w e r e  a l s o  g o o d  m e d i a  f o r  
s p o r u l a t i o n .  H o w e v e r ,  g r o w t h  o n  t h e s e  m e d i a  t e n d e d  t o  b e  r a t h e r  
d i f f u s e  w i t h  a  d e v e l o p e d  s u b s t r a t e  m y c e l i u m  b e i n g  a b s e n t .
4.3.7 Antibiotic Production on the Physiological and Nutritional 
Test Media
P r o d u c t s  t o  w h i c h  t h e  E . c o l i  S S  s t r a i n  w a s  s e n s i t i v e  w e r e  
o n l y  d e t e c t e d  o n  t h e  0 . 1 % g l u c o s e ,  t h r e o n i n e ,  p r o l i n e ,  a s p a r a g i n e  
a n d  g l u t a m i n e  c o n t a i n i n g  m e d i a .  S u b s t a n c e s  m a y  h a v e  b e e n  p r o d u c e d  
e a r l i e r  o n  o t h e r  m e d i a  b u t  m a y  h a v e  b e e n  b r o k e n  d o w n  b e f o r e  t h e  
b i o a s s a y  w a s  c a r r i e d  o u t  a t  1 4  d a y s .  F o r  t h i s  r e a s o n  c a r e  m u s t  b e  
t a k e n  i n  d r a w i n g  c o n c l u s i o n s  f r o m  t h i s  l i m i t e d  t e s t .
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5 .  S e n s i t i v i t y  o f  S o i l  I s o l a t e s  t o  A n t i b i o t i c s
5 . 1  I n t r o d u c t i o n
A n t i b i o t i c  s e n s i t i v i t y  t e s t s  f r o m  t a x o n o m i c  d a t a  o n  
a c t i n o m y c e t e s  h a v e  f r e q u e n t l y  b e e n  u s e d  f o r  t h e  d e s i g n  o f  n e w  
c u l t u r e  m e d i a  f o r  s e l e c t e d  s p e c i e s  g r o u p s .  R e s i s t a n c e  p a t t e r n s  
m a y  b e  u s e f u l  i n  s e l e c t i n g  f o r  p a r t i c u l a r  s p e c i e s  ( e g .  O r c h a r d  
a n d  G o o d f e l l o w ,  1 9 7 4 ;  A t h a l y e  a n d  L a c e y ,  1 9 8 1 ;  M c C a r t h y  a n d  
C r o s s ,  1 9 8 1 ) .  C o n v e r s e l y ,  s e n s i t i v i t y  p a t t e r n s  m a y  b e  u s e d  f o r  
t h e  i n h i b i t i o n  o f  c o m m o n l y  i s o l a t e d  a c t i n o m y c e t e s  ( V i c k e r s ,  
W i l l i a m s  a n d  R o s s ,  1 9 8 4 ) .  T h e  a p p l i c a t i o n  o f  t h e  l a t t e r  a p p r o a c h  
m a y  l e a d  t o  t h e  i s o l a t i o n  o f  m o r e  u n u s u a l  a n d  p e r h a p s  n o v e l  
a c t i n o m y c e t e s .
A  u s e f u l  o b s e r v a t i o n  c o n c e r n i n g  a n t i b i o t i c  r e s i s t a n c e  i s  
t h a t  a n t i b i o t i c  p r o d u c e r s  a r e  o f t e n  r e s i s t a n t  t o  t h e  a n t i b i o t i c s  
t h e y  p r o d u c e ,  a s  w e l l  a s  t o  r e l a t e d  a n t i b i o t i c s  ( O k a m i  et  a l . ,  
1 9 6 0 ;  D e m a i n ,  1 9 7 4 ;  G a u s e ,  1 9 8 1 ) .  T h i s  i m p l i e s  t h a t  t h e  i n c l u s i o n  
o f  a n t i b i o t i c s  i n  i s o l a t i o n  m e d i a  m a y  b e  u s e f u l  f o r  t h e  i s o l a t i o n  
o f  s p e c i f i c  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s .  I n c o r p o r a t i o n  o f  
a m i n o g l y c o s i d e  ( A G )  a n t i b i o t i c s  i n t o  i s o l a t i o n  m e d i a  ( H o t t a  e t  
a l . ,  1 9 8 3 )  l e d  t o  t h e  i s o l a t i o n  o f  i n c r e a s e d  n u m b e r s  p r o d u c e r s  o f  
A G  a n t i b i o t i c s ,  a s  w e l l  a s  p r o d u c e r s  o f  o t h e r  t y p e s  o f  
a n t i b i o t i c s .
A n t i b i o t i c  s e n s i t i v i t i e s  w e r e  m e a s u r e d  o n  t h e  4 9  
a c t i n o m y c e t e s  a n d  2 5  b a c t e r i a  d e s c r i b e d  i n  S e c t i o n  4 . 2 . 6 .  T h e  
a n t i b i o t i c  r e s i s t a n c e  p a t t e r n s  o f  t h e  d i f f e r e n t  g r o u p s  o f  
o r g a n i s m s  w e r e  t h e n  c o m p a r e d .
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5 . 2  M a t e r i a l s  a n d  M e t h o d s
5 . 2 . 1  M e t h o d  A
T e s t  c o n c e n t r a t i o n s  o f  a n t i b i o t i c  w e r e  i n c o r p o r a t e d  i n t o  
m o l t e n  i n o r g a n i c  s a l t s  g l u c o s e  a g a r  ( I S G )  ( A p p e n d i x  1 ) .  T h e  I S G  
m e d iu m  w a s  n o t  s u p p l e m e n t e d  w i t h  a  t r a c e  s a l t  s o l u t i o n ,  a s  t r a c e  
s a l t s  m a y  i n t e r f e r e  w i t h  t h e  a c t i o n  o f  t h e  a n t i b i o t i c .  T h e  t e s t  
o r g a n i s m s  w e r e  s p o t - i n o c u l a t e d  o n t o  t h e  a g a r  a n d  c o l o n y  d i a m e t e r  
m e a s u r e m e n t s  w e r e  t a k e n  a f t e r  1 4  d a y s ,  a s  d e s c r i b e d  i n  S e c t i o n  
4 . 2 . 9 .  T h e  t e s t  c o n c e n t r a t i o n  o f  e a c h  a n t i b i o t i c  w a s  b a s e d  o n  
a n t i b i o t i c  s e n s i t i v i t y  d a t a  o f  S t r e p t o m y c e t e  s p e c i e s - g r o u p  
r e p r e s e n t a t i v e s  ( V i c k e r s ,  1 9 8 5 )  a n d  w e r e  a s  f o l l o w s :
A n t i b i o t i c s : J i g / m l
N e o m y c i n 5 0
P e n i c i l l i n 1
E r y t h r o m y c i n 5 0
C h l o r a m p h e n i c o l 10 0
S t r e p t o m y c i n 10 0
C h l o r t e t r a c y c l i n e 5 0 0
P o l y m y x i n  B 10 0
N o v o b i o c i n 5 0
R i f a m p i c i n 5 0
T h e  a n t i b i o t i c - c o n t a i n i n g  m e d i a  y i e l d e d  v e r y  f e w  p o s i t i v e  
r e s u l t s .  R e c o v e r y  o f  t h e  i s o l a t e s  o n  I S G  a g a r  w a s  f o u n d  t o  b e  
p o o r  e v e n  i n  t h e  a b s e n c e  o f  a n t i b i o t i c s  s o  a  c h a n g e  o f  b a s a l  
m e d i u m  w a s  r e q u i r e d  f o r  t h i s  t e s t .  A l s o  t h e  t e s t  o r g a n i s m s  w e r e  
h i g h l y  s e n s i t i v e  t o  t h e  a n t i b i o t i c s  a t  t h e  c o n c e n t r a t i o n s  t e s t e d .
W i t h  t h e  f a i l u r e  o f  t h e s e  a n t i b i o t i c  c o n c e n t r a t i o n s  t o  y i e l d  
d a t a  i t  w a s  r e a l i s e d  t h a t  i t  w o u l d  b e  p r e f e r a b l e  i f  e a c h  
a n t i b i o t i c  w e r e  t e s t e d  a t  m o r e  t h a n  o n e  c o n c e n t r a t i o n .  I t  w a s  
d e c i d e d  t h a t  t h e  m i n i m u m  i n h i b i t o r y  c o n c e n t r a t i o n  ( M I C )  o f  t h e  
a n t i b i o t i c  w o u l d  b e  m e a s u r e d  f o r  e a c h  o r g a n i s m .
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5 . 2 . 2  M e t h o d  B
M i n i m u m  i n h i b i t o r y  c o n c e n t r a t i o n  w a s  m e a s u r e d  b y  t h e  c u p -  
p l a t e  a g a r  d i f f u s i o n  b i o a s s a y  m e t h o d  a s  f o l l o w s .  A  l o o p f u l  o f  
a c t i n o m y c e t e  s p o r e s  o r  b a c t e r i a l  c e l l s  w a s  u s e d  t o  i n o c u l a t e  
3 0 m l s  b r o t h  i n  a  1 0 0 m l  c o n i c a l  f l a s k .  M a l t - y e a s t  b r o t h  w a s  u s e d  
f o r  a c t i n o m y c e t e s  a n d  n u t r i e n t  b r o t h  f o r  b a c t e r i a .  T h e  f l a s k s  
w e r e  i n c u b a t e d  o n  a  s h a k e r  a t  3 0 ° C  u n t i l  g o o d  g r o w t h  w a s  o b t a i n e d  
( a p p r o x i m a t e l y  t w o  d a y s  f o r  t h e  e u b a c t e r i a  a n d  f i v e  d a y s  f o r  t h e  
a c t i n o m y c e t e s ) .  O n e  m i l l i l i t r e  o f  t h e  b a c t e r i a l  c u l t u r e  o r  l O m l s  
o f  t h e  a c t i n o m y c e t e  m y c e l i u m  w a s  i n c o r p o r a t e d  i n t o  l O O m l s  o f  t h e  
a p p r o p r i a t e  a g a r  m e d iu m  ( n u t r i e n t  a g a r  o r  m a l t - y e a s t  a g a r )  a n d
0 . 2 m l  t e t r a z o l e u m  s o l u t i o n  w a s  a d d e d .  T h e  a g a r  w a s  p o u r e d  i n t o  
1 1 c m  s q u a r e  a s s a y  p l a t e s  a n d  a l l o w e d  t o  s e t .  W e l l s  w e r e  t h e n  m a d e  
w i t h  a n  8mm d i a m e t e r  p u n c h .  D i l u t i o n s  o f  t e s t  a n t i b i o t i c  w e r e  
d i s p e n s e d  ( 5 0 j i l )  i n t o  t h e  w e l l s  a n d  t h e  d i s h e s  w e r e  i n c u b a t e d  a t  
3 0 ° C .  I n h i b i t i o n  z o n e s  w e r e  m e a s u r e d  u s i n g  c a l i p e r s  a f t e r  3 6 h r s  
i n c u b a t i o n  f o r  t h e  b a c t e r i a  a n d  3  d a y s  i n c u b a t i o n  f o r  t h e  
a c t i n o m y c e t e s .  T h r e e  c o n c e n t r a t i o n s  o f  e a c h  a n t i b i o t i c  w e r e  u s e d ,  
a l l o w i n g  a n  M I C  t o  b e  c a l c u l a t e d  b y  e x t r a p o l a t i o n  f r o m  a  l i n e a r  
r e g r e s s i o n  a n a l y s i s  o f  t h e  z o n e  s i z e s  a g a i n s t  a n t i b i o t i c  
c o n c e n t r a t i o n .  T h e  a n t i b i o t i c  c o n c e n t r a t i o n s  w e r e  a s  f o l l o w s :
R i f a m p i c i n 0 . 7 , 0 . 8 , 0 . 9 m g / m l
S t r e p t o m y c i n 1 . 0 , 2 . 5 , 5 . 0 m g / m l
P o l y m y x i n  B 5 . 0 , 1 0 . 0 , 2 0 .0 m g / m l
E r y t h r o m y c i n 0 . 2 5 , 0 . 5 , 1 . 0 m g / m l
P e n i c i l l i n 5 . 0 , 1 0 . 0 , 2 0 .0 m g / m l
R e p r o d u c i b i l i t y  o f  M I C ' s  f o r  a  p a r t i c u l a r  a n t i b i o t i c  w a s  
f o u n d  t o  b e  p o o r  ( o n  r e p e t i t i o n ,  1 0 - f o l d  e r r o r s  w e r e  c o m m o n  a n d  
i n  s o m e  c a s e s  1 0 0 0 - f o l d  e r r o r s  w e r e  e n c o u n t e r e d ) .  T h i s  p h e n o m e n o n  
h a s  b e e n  n o t e d  b y  H a m i l t o n - M i l l e r  ( 1 9 7 7 )  i n  h i s  r e v i e w  o f  t h e  
f a c t o r s  a f f e c t i n g  u n i f o r m i t y  i n  a n t i b i o t i c  s e n s i t i v i t y  t e s t i n g .  
V a r i a b i l i t y  m a y  b e  i n t r o d u c e d  d u r i n g  g r o w t h  o f  t h e  s e e d  o r g a n i s m  
a n d  t h e  s i z e  o f  t h e  i n o c u l u m  i s  d i f f i c u l t  t o  s t a n d a r d i z e  
a c c u r a t e l y .  T h i s  i s  a  p a r t i c u l a r l y  i m p o r t a n t  p r o b l e m  w i t h  t h e
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g r o w t h  o f  a c t i n o m y c e t e s  w h e r e  p e l l e t i n g  m a y  o c c u r  a n d  b i o m a s s  
p r o d u c t i o n  m a y  b e  e x t r e m e l y  v a r i a b l e  f o r  n o  a p p a r e n t  r e a s o n .  
L a t e r ,  e x t r a p o l a t i o n  t o  t h e  M I C  a m p l i f i e s  a n y  e r r o r s  m a d e  d u r i n g  
m e a s u r e m e n t  o f  z o n e  s i z e .  A d d i t i o n a l l y ,  m e a s u r e m e n t  o f  m in im u m  
i n h i b i t o r y  c o n c e n t r a t i o n  o f  a n t i b i o t i c  b y  t h e  c u p - p l a t e  a g a r  
d i f f u s i o n  b i o a s s a y  m e t h o d  i s  i n h e r e n t l y  i n a c c u r a t e  d u e  t o  t h e  
f a c t  t h a t  i t  r e l i e s  o n  t h e  d i f f u s i o n  o f  a n t i b i o t i c  t h r o u g h  t h e  
c o m p l e x  m a t r i x  o f  t h e  a g a r .  T h e  t u b e  m e t h o d  o f  m e a s u r i n g  m in im u m  
i n h i b i t o r y  c o n c e n t r a t i o n  i n  a  l i q u i d  m e d iu m  i s  m o r e  a c c u r a t e .  
H o w e v e r ,  i t  w o u l d  h a v e  b e e n  e x t r e m e l y  l a b o u r  i n t e n s i v e  t o  m e a s u r e  
M I C s  b y  t h e  t u b e  m e t h o d  a n d  p r o b l e m s  m a y  h a v e  b e e n  e n c o u n t e r e d  
w i t h  t h e  g r o w t h  o f  a c t i n o m y c e t e s  i n  t h e  l i q u i d  m e d i u m .  T h e  m a j o r  
c o n t r i b u t i n g  f a c t o r  t o  t h e  e r r o r s  i n  t h i s  c a s e  w a s  t h a t  t h e  
s u p p l i e d  a s s a y  d i s h e s  w e r e  n o t  a l w a y s  f l a t  a n d  h e n c e  a g a r  d e p t h  
a n d  z o n e  s i z e  w e r e  v a r i a b l e .
A  t h i r d  a t t e m p t  w a s  m a d e  a t  m e a s u r i n g  t h e  a n t i b i o t i c  
s e n s i t i v i t i e s  o f  t h e  i s o l a t e s .
5.2.3 Method C
S i x  t e n - f o l d  d i l u t i o n s  o f  e a c h  a n t i b i o t i c  w e r e  i n c o r p o r a t e d  
i n t o  n u t r i e n t  a g a r  ( N A )  a n d  m a l t - y e a s t  a g a r  ( M Y A ) .  T h e  t e s t  
c o n c e n t r a t i o n s  w e r e  c h o s e n  f r o m  t h e  p r e v i o u s  d a t a  o n  t h e  
s e n s i t i v i t i e s  o f  t h e  s o i l  i s o l a t e s  a n d  w e r e  a s  f o l l o w s :
T e t r a c y c l i n e ,  C h l o r a m p h e n i c o l ,
N o v o b i o c i n ,  R i f a m p i c i n  ..........................................  1 0 0  p g / m l  -  0 . 0 0 1  j a g / m l
E r y t h r o m y c i n ,  N e o m y c i n ,  S t r e p t o m y c i n ,
P e n i c i l l i n  G ,  P o l y m y x i n  B  ................................... 1 0 0 0  p g / m l  -  0 . 0 1  p g / m l
T h e  t e s t  o r g a n i s m s  w e r e  t h e n  s p o t  i n o c u l a t e d  o n t o  t h e  m e d i a  
( a c t i n o m y c e t e s  o n t o  M Y A  a n d  e u b a c t e r i a  o n t o  N A ) .  A f t e r  a  f i v e  d a y  
i n c u b a t i o n  p e r i o d  a t  3 0 ° C ,  t h e  p l a t e s  w e r e  e x a m i n e d  f o r  g r o w t h .  
T h e  l a s t  d i l u t i o n  s h o w i n g  n o  g r o w t h  w a s  t a k e n  a s  t h e  m in im u m  
i n h i b i t o r y  c o n c e n t r a t i o n  f o r  t h a t  o r g a n i s m .
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5 . 3  R e s u l t s  a n d  D i s c u s s i o n
T h e  p e r c e n t a g e  o f  s e n s i t i v e  i s o l a t e s  t o  e a c h  d i l u t i o n  o f  
a n t i b i o t i c  w a s  c a l c u l a t e d  ( t h e  r e s u l t s  a r e  t a b u l a t e d  i n  A p p e n d i x  
5 ) .  D i l u t i o n s  o f  a n t i b i o t i c  w h e r e  a c t i n o m y c e t e s  w e r e  g e n e r a l l y  
l e s s  s e n s i t i v e  t h a n  b a c t e r i a  m a y  b e  u s e f u l  f o r  i n c o r p o r a t i o n  i n t o  
i s o l a t i o n  m e d i a  t o  i m p r o v e  t h e i r  s e l e c t i v i t y  f o r  a c t i n o m y c e t e s .
T y p i c a l l y  a  l o w  p r o p o r t i o n  ( 1 0 - 3 0 % )  o f  b o t h  a c t i n o m y c e t e  a n d  
b a c t e r i a l  i s o l a t e s  w e r e  n a t u r a l l y  s e n s i t i v e  t o  l o w  c o n c e n t r a t i o n s  
o f  a n t i b i o t i c  ( l e s s  t h a n  0 . 0 1 p g / m l ) .  T h e  m a j o r i t y  o f  t h e  i s o l a t e s  
w e r e  o n l y  s e n s i t i v e  t o  c o n c e n t r a t i o n s  o f  l j i g / m l  a n d  a b o v e .  T h i s  
t r e n d  c a n  b e  s e e n  o n  t h e  g r a p h  o f  r i f a m p i c i n  s e n s i t i v i t y  ( F i g u r e
5 . 1 ) ,  a n d  w a s  a l s o  o b s e r v e d  f o r  e r y t h r o m y c i n ,  n e o m y c i n ,  p o l y m y x i n  
B  a n d  s t r e p t o m y c i n .
A  s i m i l a r  p a t t e r n  w a s  f o u n d  f o r  n o v o b i o c i n  s e n s i t i v i t y  
. H o w e v e r ,  a l m o s t  6 0 %  o f  b a c t e r i a l  i s o l a t e s  w e r e  
s e n s i t i v e  t o  c o n c e n t r a t i o n s  u p  t o  O . O l y i g / m l  w h i l s t  o n l y  1 0 - 2 0 %  o f  
a c t i n o m y c e t e s  w e r e  s e n s i t i v e  t o  t h e s e  c o n c e n t r a t i o n s .
T h e r e  w e r e  a  n u m b e r  o f  c o n c e n t r a t i o n s  o f  a n t i b i o t i c  ( T a b l e  
5 . 1 . )  a t  w h i c h  t h e  p r o p o r t i o n  o f  s e n s i t i v e  a c t i n o m y c e t e s  w a s  
l o w e r  t h a n  t h a t  f o r  b a c t e r i a .  T h e s e  c o n c e n t r a t i o n s  o f  a n t i b i o t i c  
c o u l d  b e  u s e f u l  i n  s e l e c t i v e l y  i n h i b i t i n g  b a c t e r i a ,  a l t h o u g h  i n  
s o m e  c a s e s  l a r g e  n u m b e r s  o f  a c t i n o m y c e t e s  w o u l d  a l s o  b e  
i n h i b i t e d .  F o r  e r y t h r o m y c i n ,  n e o m y c i n  a n d  s t r e p t o m y c i n  t h e r e  w e r e  
n o  c o n c e n t r a t i o n s  o f  a n t i b i o t i c  a t  w h i c h  a c t i n o m y c e t e s  w e r e  
f a v o u r e d .
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T a b l e  5 . 1  A n t i b i o t i c  s e n s i t i v i t y  o f  s o i l  i s o l a t e s .
A n t i b i o t i c  C o n e .  P e r c e n t a g e  o f  s e n s i t i v e
( p g / m l )  a c t i n o m y c e t e s  t o
s e n s i t i v e  b a c t e r i a
C h l o r a m p h e n i c o l 1 1 7  : 8 4
P e n i c i l l i n  G 1 1 8  : 5 8
P o l y m y x i n  B 1 2 6  : 4 6
N o v o b i o c i n 0 .0 0 1 1 3  : 5 8
R i f a m p i c i n 1 5 6  : 8 1
T e t r a c y c l i n e 0 . 1 3 3  : 8 1
T e t r a c y c l i n e 0 . 0 1 1 4  : 5 0
S e n s i t i v i t y  o f a n t i b i o t i c - p r o d u c i n g  a n d  n o n - p r o d u c i n g
a c t i n o m y c e t e s t o  a n t i b i o t i c s .
A n t i b i o t i c C o n e . P e r c e n t a g e  o f  s e n s i t i v e
( p g / m l ) a n t i b i o t i c - p r o d u c e r s  t o  
n o n - p r o d u c e r s
R i f a m p i c i n 1 4 8  : 6 3
E r y t h r o m y c i n 1 0 3 7  : 5 3
T h e  p e r c e n t a g e  s e n s i t i v i t i e s  o f  t h e  ' a n t i b i o t i c - p r o d u c i n g '  
a c t i n o m y c e t e s  c o m p a r e d  t o  t h e  ' n o n - p r o d u c i n g ' a c t i n o m y c e t e s  w a s  
a l s o  c a l c u l a t e d  ( A p p e n d i x  5 ) .  I n  g e n e r a l ,  t h e  ' a n t i b i o t i c -  
p r o d u c i n g '  i s o l a t e s  w e r e  f o u n d  t o  b e  m o r e  s e n s i t i v e  t h a n  t h e  
' n o n - p r o d u c i n g '  i s o l a t e s  t o  c h l o r a m p h e n i c o l ,  n o v o b i o c i n ,  
n e o m y c i n ,  p e n i c i l l i n  G ,  p o l y m y x i n  B ,  s t r e p t o m y c i n  a n d  
t e t r a c y c l i n e .  T h i s  i m p l i e s  t h a t  w h e r e  t h e s e  a n t i b i o t i c s  h a d  a n  
a n t i b a c t e r i a l  e f f e c t ,  t h e  r e s i s t a n t  a c t i n o m y c e t e s  w o u l d  t e n d  t o  
b e  n o n - a n t i b i o t i c - p r o d u c i n g  s t r a i n s .  H e n c e ,  t h e s e  a n t i b i o t i c s  m a y  
n o t  b e  u s e f u l  f o r  t h e  i s o l a t i o n  o f  o r g a n i s m s  f o r  a n t i b i o t i c  
s c r e e n i n g  p r o g r a m m e s .  H o w e v e r ,  t h e  4 9  ' a n t i b i o t i c - p r o d u c i n g '  
s t r a i n s  w e r e  s l i g h t l y  m o r e  r e s i s t a n t  t h a n  1 9  ' n o n - p r o d u c i n g '  
s t r a i n s  t o  r i f a m p i c i n  a t  l p g / m l  a n d  e r y t h r o m y c i n  a t  1 0  p g / m l  
( T a b l e  5 . 2 ) .  T h e s e  r e s u l t s  a r e  s h o w n  g r a p h i c a l l y  i n  F i g u r e s  5 . 2 .  
a n d  5 . 5 .  I n c o r p o r a t i o n  o f  t h e s e  c o n c e n t r a t i o n s  o f  r i f a m p i c i n  o r  
e r y t h r o m y c i n  i n t o  i s o l a t i o n  m e d i a  m a y  l e a d  t o  t h e  i n c r e a s e d  
i s o l a t i o n  o f  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s .
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I n  c o n c l u s i o n ,  t h e  a n t i b i o t i c  c o n c e n t r a t i o n  a p p e a r s  t o  b e  
c r i t i c a l .  D i f f e r e n t  c o n c e n t r a t i o n s  o f  a n t i b i o t i c  w i l l  s e l e c t  f o r  
a  d i f f e r e n t  v a r i e t y  o f  m i c r o o r g a n i s m s .  A l s o ,  t h e s e  r e s u l t s  s h o w  
t h a t ,  o f  t h e  o r g a n i s m s  t e s t e d  i n  t h i s  s t u d y ,  t h e  ' n o n - a n t i b i o t i c -  
p r o d u c i n g ' a c t i n o m y c e t e s  w e r e  g e n e r a l l y  m o r e  r e s i s t a n t  t o  t h e  
a n t i b i o t i c s  t e s t e d  t h a n  t h e  ' a n t i b i o t i c - p r o d u c i n g '  s t r a i n s .  T h i s  
r e s u l t  d o e s  n o t  a g r e e  w i t h  t h e  f i n d i n g s  o f  H o t t a  e t  al.  ( 1 9 8 3 ) ,  
w h e r e  i n c l u s i o n  o f  a m i n o g l y c o s i d e  ( A G )  a n t i b i o t i c s  ( e g .  
s t r e p t o m y c i n  a n d  n e o m y c i n )  i n t o  i s o l a t i o n  m e d i a  l e d  t o  t h e  
i s o l a t i o n ,  f r o m  s o i l ,  o f  i n c r e a s e d  n u m b e r s  o f  p r o d u c e r s  o f  A G  
a n t i b i o t i c s .  N e i t h e r  s t r e p t o m y c i n  n o r  n e o m y c i n  w e r e  f o u n d  t o  b e  
u s e f u l  i n  t h i s  s t u d y  f o r  t h e  s e l e c t i o n  o f  a c t i n o m y c e t e s  c o m p a r e d  
t o  b a c t e r i a  o r  a n t i b i o t i c - p r o d u c e r s  c o m p a r e d  t o  n o n - p r o d u c e r s .  
D i f f e r e n t  r e s u l t s  m a y  h a v e  b e e n  f o u n d  h a d  t h e  a n t i b i o t i c  
c o n t a i n i n g  m e d i a  b e e n  u s e d  f o r  i s o l a t i o n  o f  a c t i n o m y c e t e s  f r o m  
s o i l  w h e r e  a  m u c h  l a r g e r  m i c r o b i a l  p o p u l a t i o n  w o u l d  b e  p r e s e n t .  
H o w e v e r ,  H o t t a  a n d  c o w o r k e r s  r e p o r t e d  t h a t  t h e  u s e  o f  A G  
a n t i b i o t i c s  l e d  n o t  o n l y  t o  t h e  e n h a n c e d  r e c o v e r y  o f  p r o d u c e r s  o f  
A G  a n t i b i o t i c s  b u t  a l s o  t o  t h e  r e c o v e r y  o f  p r o d u c e r s  o f  o t h e r  
t y p e s  o f  a n t i b i o t i c s .  I t  i s  p o s s i b l e ,  t h e r e f o r e ,  t h a t  A G  
r e s i s t a n c e  w a s  n o t  r e p o n s i b l e  f o r  t h e  a p p e a r a n c e  o f  A G - p r o d u c i n g  
i s o l a t e s  b u t  t h a t  r e m o v a l  o f  c o m p e t i t i o n  w a s  r e s p o n s i b l e  f o r  t h e  
i n c r e a s e d  r e c o v e r y  o f  p r o d u c e r s  o f  v a r i o u s  d i f f e r e n t  a n t i b i o t i c s
A n  e x p l a n a t i o n  f o r  t h e  l a c k  o f  a n t i b i o t i c  r e s i s t a n c e  o f  t h e  
1 9  ' a n t i b i o t i c - p r o d u c e r s '  i n c l u d e d  i n  t h i s  s t u d y  i s  t h a t ,  
a l t h o u g h  i t  h a s  b e e n  o b s e r v e d  t h a t  a n t i b i o t i c  p r o d u c e r s  m a y  
e x h i b i t  r e s i s t a n c e  t o  t h e  a n t i b i o t i c s  t h e y  p r o d u c e ,  i t  i s  
p o s s i b l e  t h a t  t h i s  r e s i s t a n c e  m a y  b e  r e s t r i c t e d  t o  c e r t a i n  
p e r i o d s  i n  t h e  g r o w t h  c y c l e  ( e g .  t h e  s t a t i o n a r y  p h a s e ) .  I n  t h e  
s e v e r a l  o f  t h e  s t u d i e s  o n  t h e  a n t i b i o t i c  s e n s i t i v i t y  o f  p r o d u c i n g  
o r g a n i s m s  ( e g .  H o t t a  e t  a l . ,  1 9 8 3 )  v e g e t a t i v e  m y c e l i a  h a v e  b e e n  
u s e d  a s  t h e  i n o c u l u m  f o r  r e s i s t a n c e  t e s t s .  O t h e r  o b s e r v a t i o n s  o f  
a n t i b i o t i c  r e s i s t a n c e  c o m e  f r o m  a n t i b i o t i c  f e r m e n t a t i o n s  w h e r e  
v e g e t a t i v e  g r o w t h  i s  o c c u r i n g  a n d  a n t i b i o t i c  r e s i s t a n c e  m a y  b e  
a c q u i r e d  g r a d u a l l y  d u r i n g  t h e  c o u r s e  o f  t h e  f e r m e n t a t i o n .  I n  t h i s
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w o r k ,  s p o r e  s u s p e n s i o n s  w e r e  u s e d  t o  i n o c u l a t e  t h e  a n t i b i o t i c -  
c o n t a i n i n g  m e d i a .  S e n s i t i v i t y  o f  t h e  a c t i n o m y c e t e  i s o l a t e s  w o u l d  
t h e r e f o r e  p r i m a r i l y  r e l y  o n  t h e  s u s c e p t i b i l i t y  o f  s p o r e  
g e r m i n a t i o n  t o  t h e  a n t i b i o t i c  s u p p l e m e n t s  a n d  s u b s e q u e n t l y  o n  t h e  
s e n s i t i v i t y  o f  v e g e t a t i v e  m y c e l i a  i n  l a g  a n d  e x p o n e n t i a l  p h a s e .  
I t  i s  p o s s i b l e  t h a t  s p o r e  s u s p e n s i o n s  a r e  m o r e  s e n s i t i v e  t o  
a n t i b i o t i c s  t h a n  m y c e l i a .  T h e  u s e  o f  s p o r e  s u s p e n s i o n s  f o r  t h e s e  
t e s t s ,  h o w e v e r ,  p a r a l l e l s  t h e  s i t u a t i o n  w h e r e  a c t i n o m y c e t e s  a r e  
i s o l a t e d  f r o m  s o i l  s i n c e  a c t i n o m y c e t e s  i n  s o i l s  a r e  m a i n l y  
p r e s e n t  i n  t h e  f o r m  o f  s p o r e s .  T h e r e f o r e ,  a n t i b i o t i c  
s e n s i t i v i t i e s  o f  s p o r e s  a r e  m o r e  u s e f u l  i n  t h i s  c o n t e x t  t h a n  
a n t i b i o t i c  s e n s i t i v i t i e s  , o f  v e g e t a t i v e  m y c e l i a .
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F i g u r e s  5 . 1 - 5 . 3 :  T h e  S e n s i t i v i t y  o f  S o i l  I s o l a t e s  t o  A n t i b i o t i c s
F i g u r e  5 . 1
R i f a m p i c l n  S e n s i t i v i t y  o f  
A c t i n o m y c e t e  a n d  B a c t e r i a l  
I s o l a t e s
F i g u r e  5 . 2
R i f a m p i c i n  S e n s i t i v i t y  o f  
A c t i n o m y c e t e s : A n t i b i o t i c -  
P r o d u c e r s  a n d  N o n - P r o d u c e r s
c o n c e n tr a t io n  pg/m l 
( lo g a r ith m ic  s c a l e )
c o n c e n tr a t io n  pg/ml 
( lo g a r ith m ic  s c a l e )
F i g u r e  5 . 3
E r y t h r o m y c i n  S e n s i t i v i t y  o f  A c t i n o m y c e t e s :  
A n t i b i o t i c - P r o d u c e r s  a n d  N o n - P r o d u c e r s
c o n c e n tr a t io n  pg/m l 
( lo g a r ith m ic  s c a le )
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6 .  T e s t s  f o r  S y n e r g y  o f  C o m b i n a t i o n s  o f  t h e  S e l e c t i v e
S u b s t r a t e s  f r o m  D i s c r i m i n a n t  A n a l y s i s
6.1 Introduction
T h e  a i m  o f  t h i s  e x p e r i m e n t  w a s  t o  i d e n t i f y  u s e f u l  
c o m b i n a t i o n s  o f  c a r b o n  a n d  n i t r o g e n  s o u r c e s  t h a t  c o u l d  n o t  h a v e  
b e e n  p r e d i c t e d  f r o m  t h e  p h y s i o l o g i c a l  a n d  n u t r i t i o n a l  t e s t  d a t a  
i n  S e c t i o n  4  w h e r e  s u b s t r a t e s  w e r e  g e n e r a l l y  t e s t e d  a l o n e .  
T w e n t y - t w o  m e d i a  w e r e  t e s t e d ,  e a c h  c o n t a i n i n g  u p  t o  f i v e  o f  t h e  
m a i n  r e c o m m e n d e d  s u b s t r a t e s  f r o m  d i s c r i m i n a n t  a n a l y s i s  o f  
a c t i n o m y c e t e s  v e r s u s  e u b a c t e r i a  i n  d i f f e r e n t  c o m b i n a t i o n s .  A l l  
m e d i a  w e r e  c a r b o n  a n d  n i t r o g e n  b a l a n c e d  s o  t h a t  d i r e c t  
c o m p a r i s o n s  c o u l d  b e  m a d e  b e t w e e n  m e d i a .
6.2 Materials and Method
T h e  t w e n t y - t w o  t e s t  m e d i a  w e r e  p r e p a r e d  b y  a d d i n g  p r e ­
w e i g h e d  a n d  e t h e r - s t e r i l i z e d  a d d i t i o n s  t o  5 0 0 m l  o f  m o l t e n  C + N  
u t i l i s a t i o n  t e s t  b a s a l  m e d iu m  ( C + N )  ( A p p e n d i x  3 ) .  T h e  m e d iu m  
c o m p o s i t i o n s  a r e  s h o w n  i n  T a b l e  6 . 1 .
D i l u t i o n s  o f  a g r i c u l t u r a l  s o i l  i n  R i n g e r s  +  0 . 0 1 %  T w e e n  8 0  
w e r e  m a d e  a n d  s p r e a d - p l a t e d  o n t o  t h e  t e s t  m e d i a .  T h e r e  w e r e  f o u r  
r e p l i c a t e s  o f  e a c h  m e d i u m  a t  e a c h  d i l u t i o n .  T h e  p l a t e s  w e r e  
e x a m i n e d  a f t e r  i n c u b a t i o n  a t  2 8 ° C  f o r  1 4 - 2 1  d a y s .  C o u n t s  o f  t h e  
n u m b e r  o f  a c t i n o m y c e t e s  a n d  b a c t e r i a  o n  e a c h  p l a t e  w e r e  m a d e .  A n  
a v e r a g e  c o l o n y  c o u n t  w a s  c a l c u l a t e d  f r o m  t h e  f o u r  r e p l i c a t e  
c o u n t s  a t  t h e  m o s t  a p p r o p r i a t e  d i l u t i o n .  R a t i o s  o f  t h e  n u m b e r  o f  
b a c t e r i a  t o  a c t i n o m y c e t e s  w e r e  c a l c u l a t e d  f o r  e a c h  p l a t e  a n d  t h e n  
a v e r a g e d .  T h e  v a r i a n c e  i n  t h e  r e p l i c a t e  c o l o n y  c o u n t s  a n d  t h e  
r a t i o  c a l c u l a t i o n s  w a s  g e n e r a l l y  l o w  ( < 1 0 % ) a l t h o u g h  i n  s e v e r a l  
c a s e s  t h e  s t a n d a r d  d e v i a t i o n  i n  t h e  r a t i o  o f  b a c t e r i a  t o  
a c t i n o m y c e t e s  w a s  a s  l a r g e  a s  3 0 - 4 0 % .  T h e  m e d i a  w h i c h  s h o w e d  a  
l a r g e  d e g r e e  o f  v a r i a b i l i t y  w e r e  g e n e r a l l y  t h o s e  w h i c h  e n c o u r a g e d  
t h e  g r o w t h  o f  e u b a c t e r i a .  N o t e s  o n  t h e  a p p a r e n t  v a r i e t y  o f  
a c t i n o m y c e t e s  a r i s i n g  o n  t h e  d i f f e r e n t  m e d i a  w e r e  a l s o  m a d e .
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T a b l e  6 . 1  M e d iu m  a d d i t i o n s  t o  C +N  b a s a l  m e d iu m  ( g / 5 0 0 m l )
m e d iu m g l y c e r o l * g l u c o s e s t a r c h p r o l i n e n i t r a t e
1 1 . 2 5 1 . 2 5 1 . 2 5 0 . 9 5 . 1 . 0 0
2 1 . 7 0 1 . 7 0 1 . 7 0 - 1 . 7 0
3 0 .6 6 0 .6 6 0 .6 6 2 . 3 0 -
4 1 . 7 0 1 . 7 0 _ 1 . 2 7 -
5 1 . 0 0 1 . 0 0 - 2 . 3 0 -
6 2 . 5 0 2 . 5 0 - - 1 . 7 0
7 - 1 . 7 0 1 . 7 0 1 . 2 7 0 . 7 6
8 - 1 . 0 0 1 . 0 0 2 . 3 0 -
9 - 2 . 5 0 2 . 5 0 - 1 . 7 0
1 0 1 . 7 0 - 1 . 7 0 1 . 2 7 0 . 7 6
1 1 1 . 0 0 - 1 . 0 0 2 . 3 0 -
1 2 2 . 5 0 2 . 5 0 - 1 . 7 0
1 3 2 . 5 0 - - 1 . 9 1 0 . 2 6
1 4 2 .0 0 - - 2 . 3 0 -
1 5 5 . 0 0 _ - - 1 . 7 0
1 6 - 2 . 5 0 - 1 . 9 1 0 . 2 6
1 7 - 2 .0 0 - 2 . 3 0 -
1 8 - 5 . 0 0 - - 1 . 7 0
1 9 - - 2 . 5 0 1 . 9 1 0 . 2 6
20 - - 2 .0 0 2 . 3 0 -
2 1 - - 5 . 0 0 - 1 . 7 0
2 2 - - 3 . 3 2 -
*  g l y c e r o l  w a s  f i l t e r - s t e r i l i z e d  
6 . 3  R e s u l t s  a n d  D i s c u s s i o n
T a b l e s  6 . 2  a n d  6 . 3  s h o w  t h e  a c t i n o m y c e t e  a n d  b a c t e r i a l  
v i a b l e  c o u n t s  o n  t h e  d i f f e r e n t  m e d i a  a r r a n g e d  i n  o r d e r  o f  h i g h e s t  
v i a b l e  c o u n t  t o  l o w e s t  v i a b l e  c o u n t .  I t  c a n  b e  c l e a r l y  s e e n  t h a t  
t h e  p r o l i n e - c o n t a i n i n g  m e d i a  d o m i n a t e  t h e  t o p  o f  t h e  t w o  t a b l e s  
w h e r e a s  t h e  n i t r a t e - c o n t a i n i n g  m e d i a  o c c u p y  t h e  b o t t o m  o f  t h e  t w o  
t a b l e s .  T h i s  s h o w s  t h a t  t h e  p r e s e n c e  o f  p r o l i n e  t e n d s  t o  i n c r e a s e  
r e c o v e r y  o f  b o t h  a c t i n o m y c e t e s  a n d  e u b a c t e r i a  w h i l s t  n i t r a t e  
g e n e r a l l y  d e p r e s s e s  r e c o v e r y .  T h e  e f f e c t s  o f  t h e  o t h e r  s u b s t r a t e s  
w e r e  n o t  s o  c l e a r c u t .
I n  o r d e r  t o  l o o k  a t  m o r e  s u b t l e  e f f e c t s  o n  r e c o v e r y  r a t e s ,  
i t  i s  w o r t h  l o o k i n g  a t  t h e  f r a c t i o n  o f  t h e  m e a n  c o u n t  o n  t h e  t w o  
t a b l e s .  T h i s  i s  a n  a r b i t r a r y  f i g u r e  w h i c h  a l l o w s  u s  t o  p i n p o i n t  
d i f f e r e n t i a l  e f f e c t s :  I f  a  m e d i u m  h a s  a n  e q u a l  e f f e c t  o n
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a c t i n o m y c e t e  a n d  e u b a c t e r i a l  r e c o v e r y  t h e n  t h e  f r a c t i o n  o f  t h e  
m e a n  c o u n t  c a n  b e  e x p e c t e d  t o  b e  a p p r o x i m a t e l y  e q u a l  f o r  t h e  t w o  
g r o u p s  o f  o r g a n i s m s .  I f ,  f o r  e x a m p l e ,  a  m e d i u m  s t i m u l a t e s  
a c t i n o m y c e t e  r e c o v e r y  ( o r  i n h i b i t s  b a c t e r i a l  r e c o v e r y )  t h e n  t h e  
f r a c t i o n  o f  t h e  m e a n  c o u n t  w i l l  b e  h i g h e r  f o r  a c t i n o m y c e t e s  t h a n  
f o r  e u b a c t e r i a .  A  s t i m u l a t o r y  e f f e c t  o n  a c t i n o m y c e t e  r e c o v e r y  w a s  
f o u n d  f o r  m e d iu m  n u m b e r  5 ,  w h e r e  t h e  p r o p o r t i o n  o f  a c t i n o m y c e t e s  
r e c o v e r e d  w a s  a p p r e c i a b l y  g r e a t e r  t h a n  t h e  p r o p o r t i o n  o f  
e u b a c t e r i a  r e c o v e r e d .  T h i s  m e d i u m  c o n t a i n e d  p r o l i n e  i n  
c o m b i n a t i o n  w i t h  g l y c e r o l  a n d  g l u c o s e  a n d  n o  n i t r a t e .
T h e  r a t i o  o f  e u b a c t e r i a  t o  a c t i n o m y c e t e s  i s  a l s o  a  u s e f u l  
i n d i c a t o r  o f  t h e  s e l e c t i v i t y  o f  t h e  m e d i a .  M e d i u m  2 1  g i v e s  t h e  
l o w e s t  b a c t e r i a : a c t i n o m y c e t e  r a t i o  ( 1 . 1 8  : 1 ) .  T h i s  i s  t h e  
c o m b i n a t i o n  o f  s t a r c h  a n d  n i t r a t e ,  w h i c h  i s  p r e s e n t  i n  s t a r c h  
c a s e i n  m e d iu m  ( K u s t e r  a n d  W i l l i a m s ,  1 9 6 4 ) .  H o w e v e r ,  a c t i n o m y c e t e  
n u m b e r s  a r e  l o w  o n  t h e s e  m e d i a .
M e d i u m  n u m b e r s  1 2 ,  1 8  a n d  2  ( a t  t h e  b o t t o m  o f  T a b l e s  6 . 2  a n d
6 . 3 )  s h o w  f a v o u r a b l e  r a t i o s  o f  b a c t e r i a  t o  a c t i n o m y c e t e s .  E a c h  
c o n t a i n  s t a r c h  a n d  n i t r a t e  i n  c o m b i n a t i o n  w i t h  a t  l e a s t  o n e  o f  
t h e  o t h e r  c o n s t i t u e n t s .  H o w e v e r ,  a  r e d u c t i o n  i n  s p e c i e s  d i v e r s i t y  
a m o n g s t  t h e  a c t i n o m y c e t e s  r e c o v e r e d  o n  t h e s e  m e d i a  w a s  n o t e d .  
T h e s e  m e d i a  a r e ,  t h e r e f o r e ,  l i k e l y  t o  b e  t o o  s e l e c t i v e  f o r  u s e  a s  
i s o l a t i o n  m e d i a  f o r  a n  a n t i b i o t i c  s c r e e n i n g  p r o g r a m m e .
T h e  f i g u r e s  o n  t h e  c o n t r o l  m e d i a  ( T a b l e  6 . 4 )  a r e  n o t  
s t r i c t l y  c o m p a r a b l e  w i t h  t h e  o t h e r  m e d i a  a s  t h e y  a r e  n o t  c a r b o n  
o r  n i t r o g e n  b a l a n c e d  w i t h  t h e m .  H o w e v e r ,  t h e y  d e m o n s t r a t e  t h a t  
t h e  n u m b e r s  o f  o r g a n i s m s  i s o l a t e d  o n  m e d iu m  5  a r e  c o m p a r a b l e  w i t h  
e x i s t i n g  i s o l a t i o n / e n u m e r a t i o n  m e d i a .  T h e  o t h e r  t e s t  m e d i a  
d e m o n s t r a t e  l o w e r  n u m b e r s  o f  i s o l a t e s  p a r t l y  d u e  t o  i n e f f e c t i v e  
( o r  n a r r o w l y  s e l e c t i v e )  c o m b i n a t i o n s  o f  c o n s t i t u e n t s  a n d  p a r t l y  
b e c a u s e  t h e  C + N  b a s a l  m e d iu m  i s  s e l e c t i v e  i t s e l f  a n d  p e r h a p s  n o t  
i d e a l  a s  a n  i s o l a t i o n  m e d iu m  b a s e .
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A v e ra g e
V ia b le  C o u n t F r a c t io n  o f  M R C o m p o s it io n  D
T a b l e  6 . 2  A c t i n o m y c e t e  v i a b l e  c o u n t s  o n  v a r i o u s  c a r b o n  a n d
n i t r o g e n  b a l a n c e d  m e d ia .
c f u / g  s o i l  
2 3 . 2  x  1 0 5
Mean C o u n t 
8 . 6 5 5 3 . 5 0
g iy c
+
g lu
+
s t a r c h p r o l
+
n i t
V
6 . 5 X 1 0 5 2 . 4 2 2 2 4 . 0 0 - - - + -
2 9 . 6 X 1 0 4 1 . 1 0 1 9 5 . 1 6 - - + + +
2 8 . 7 X 1 0 4 1 . 0 7 8 3 . 7 6 - + + + -
2 7 . 5 X 1 0 4 1 . 0 2 1 3 . 6 6 + + + + +
2 7 . 6 X 1 0 4 1 . 0 2 3 5 . 1 7 + + + + - V
2 6 . 5 X 1 0 4 0 . 9 8 4 4 . 8 5 + + - + + V
2 3 . 3 X 1 0 4 0 .8 6 7 4 . 3 8 - + + + +
2 2 . 7 X 1 0 4 0 . 8 4 1 1 5 . 9 2 + - + + -
2 2 . 3 X 1 0 4 0 . 8 3 20 8 . 1 3 - - + + -
2 2 . 0 X 1 0 4 0 . 8 1 1 7 6 . 2 8 - + - + -
1 4 . 5 X 1 0 4 0 . 5 4 1 4 1 0 .6 6 + - - + -
1 4 . 5 X 1 0 4 0 . 5 4 1 6 8 . 9 6 - + - + +
1 3 . 0 X 1 0 4 0 . 4 8 2 1 1 . 1 8 - - + - +
1 2 . 3 X 1 0 4 0 . 4 5 1 3 1 4 . 7 7 + - - + +
1 1 . 2 X 1 0 4 0 . 4 1 1 0 8 . 5 7 + - + + + V
8 . 2 X 1 0 4 0 . 3 0 1 2 1 . 9 6 + - + - + s
8 .0 X 1 0 4 0 . 2 9 1 8 2 . 8 7 + - + - + s
5 . 5 X 1 0 4 0 .2 0 6 5 . 8 6 + + - - + s
5 . 3 X 1 0 4 0 . 1 9 1 5 2 8 . 8 3 + + - - + s
4 . 9 X 1 0 4 0 . 1 8 2 3 . 7 4 + + + - + s
3 . 5 X 1 0 4 0 . 1 3 9 6 . 6 2 _ + + - + s
mean v ia b le  c o u n t  = 2 6 . 8  x  104 
M = M edium
R = R a t io  o f  b a c te r ia : a c t in o m y c e te s  
D = D i v e r s i t y  •
v  = c o lo n ie s  m o r p h o lo g ic a l ly  v a r ie d  
s  = c o lo n ie s  m o r p h o lo g ic a l ly  s i m i l a r
1 0 5
T a b l e  6 . 3  E u b a c t e r i a l  v i a b l e  c o u n t s  o n  v a r i o u s  c a r b o n  a n d
n i t r o g e n  b a l a n c e d  m e d ia .
A v e r a g e  
V i a b l e  C o u n t F r a c t i o n  o f  M e d i u m C o m p o s i t i o n
c f u / g  s o i l Mean C o u n t g i y c g i u s t a r c h p r o l
7 6 . 7 X 1 0 5 5 . 9 2 5 + + — 4*
2 6 . 0 X 1 0 5 2 . 0 1 2 2 - - - 4*
1 8 . 3 X 1 0 5 1 . 3 9 20 - - + 4-
1 7 . 3 X 1 0 5 1 . 3 3 1 3 + - - 4-
1 5 . 4 X 1 0 5 1 . 1 8 1 4 + - - 4*
1 5 . 3 X 1 0 5 1 . 1 8 1 9 - - + +
1 4 . 2 X 1 0 5 1 . 1 0 3 + + + 4-
1 3 . 7 X 1 0 5 1 . 0 5 1 7 - + - 4*
1 3 . 6 X 1 0 5 1 . 0 5 1 5 + + - -
1 3 . 4 X 1 0 5 1 . 0 3 1 1 + - + 4-
1 2 . 3 X 1 0 5 0 . 9 5 1 6 - + - 4-
1 2 . 1 X 1 0 5 0 . 9 3 4 + + - 4*
1 0 . 7 X 1 0 5 0 . 8 2 8 - + + 4-
9 7 . 0 X 1 0 4 0 . 7 4 1 + + + +
9 1 . 0 X 1 0 4 0 . 7 0 1 0 + - + +
8 8 .6 X 1 0 4 0 .6 8 7 - + + 4-
2 4 . 0 X 1 0 4 0 . 1 8 6 + + - -
2 3 . 0 X 1 0 4 0 . 1 7 1 8 + - + -
1 8 . 5 X 1 0 4 0 . 1 4 9 - + +
1 7 . 1 X 1 0 4 0 . 1 3 2 + + + -
1 5 . 5 X 1 0 4 0 . 1 1 2 1 - - + -
1 5 . 0 X 1 0 4 0 . 1 1 1 2 + — + -
m e a n  v i a b l e  c o u n t  =  1 2 . 9  x  1 0 ^
T a b l e  6 . 4  A c t i n o m y c e t e  a n d  E u b a c t e r i a l  V i a b l e  C o u n t s  o n  C o n t r o l  
M e d i a
A v e r a g e  
A c t i n o m y c e t e  
V i a b l e  c o u n t  
c f u / g  s o i l
2 2 . 6  x  1 0 5
2 2 . 3  x  1 0 5
A v e r a g e  
E u b a c t e r i a l  
V i a b l e  c o u n t  
c f u / g  s o i l
8 8 .6  x  1 0 5 
5 6 . 0  x  1 0 5
M e d iu m
M 3  M e d i u m  
S t a r c h  C a s e i n
R a t i o  o f  
e u b a c t e r i a : 
a c t i n o m y c e t e s
3 . 9 1
2 . 2 1
1 0 6
I t  c a n  b e  c o n c l u d e d  t h a t  n i t r a t e - c o n t a i n i n g  m e d i a  a r e  
i n h i b i t o r y  t o  b o t h  a c t i n o m y c e t e s  a n d  b a c t e r i a  r e s u l t i n g  i n  
r e d u c e d  c o l o n y  c o u n t s  w h e r e a s  p r o l i n e - c o n t a i n i n g  m e d i a  e n h a n c e  
t h e  r e c o v e r y  o f  b o t h  g r o u p s  o f  o r g a n i s m s .  T h i s  a g r e e s  w i t h  t h e  
d a t a  f r o m  t h e  n u t r i t i o n a l  t e s t s .  E x a m i n a t i o n  o f  t h e  p e r c e n t a g e  
p o s i t i v e  d a t a  f r o m  t h e  n u t r i t i o n a l  t e s t s  s h o w e d  t h a t  p r o l i n e  l e d  
t o  t h e  r e c o v e r y  o f  o v e r  8 0 %  o f  b o t h  t h e  a c t i n o m y c e t e s  a n d  t h e  
e u b a c t e r i a  t e s t e d .  N i t r a t e  l e d  t o  t h e  r e c o v e r y  o f  l e s s  t h a n  1 0 %  
o f  t h e  e u b a c t e r i a  a n d  a p p r o x i m a t e l y  3 0 %  o f  t h e  a c t i n o m y c e t e s .  
D i s c r i m i n a n t  a n a l y s i s  r e c o m m e n d e d  p r o l i n e  a n d  n i t r a t e  a s  p o s i t i v e  
d i s c r i m i n a t o r s  f o r  a c t i n o m y c e t e s  d e s p i t e  t h e  f a c t  t h a t  t h e s e  t w o  
s u b s t r a t e s  s h o w  l i t t l e  d i s c r i m i n a t i o n  b e t w e e n  t h e s e  t w o  g r o u p s  o f  
o r g a n i s m s .  I t  m u s t  b e  r e m e m b e r e d ,  h o w e v e r ,  t h a t  d i s c r i m i n a n t  
a n a l y s i s  r e c o m m e n d e d  t h e  u s e  o f  p r o l i n e  a n d  n i t r a t e  i n  
c o n j u n c t i o n  w i t h  s e v e r a l  o t h e r  s u b s t r a t e s  w h i c h  m a y  b e  
r e s p o n s i b l e  f o r  f u r t h e r  d i s c r i m i n a t i o n .
T w o  c o m b i n a t i o n s  o f  m e d iu m  s u b s t i t u e n t s  w e r e  f o u n d  t o  b e  
u s e f u l  f o r  t h e  p r e f e r e n t i a l  i s o l a t i o n  o f  a c t i n o m y c e t e s  f r o m  t h e  
s o i l  s a m p l e .  T h e s e  w e r e  M e d i u m  5 ,  c o n t a i n i n g  a  c o m b i n a t i o n  o f  
g l u c o s e ,  g l y c e r o l  a n d  p r o l i n e ,  a n d  M e d i u m  2 1 ,  c o n t a i n i n g  a  
c o m b i n a t i o n  o f  s t a r c h  a n d  n i t r a t e .  T h e  l a t t e r  c o m b i n a t i o n  i s  
a l r e a d y  u s e d  i n  s t a r c h  c a s e i n  m e d i u m .
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7 .  T h e  P r a c t i c a l  E v a l u a t i o n  o f  t h e  S e l e c t i v e  N u t r i t i o n a l  a n d
P h y s i o l o g i c a l  P a r a m e t e r s  f r o m  D i s c r i m i n a n t  A n a l y s i s .
7 . 1  I n t r o d u c t i o n
S e c t i o n  4  d e s c r i b e d  t h e  u s e  o f  d i s c r i m i n a n t  a n a l y s i s  t o  f i n d  
n u t r i t i o n a l  a n d  p h y s i o l o g i c a l  p a r a m a t e r s  s u i t a b l e  f o r  t h e  
s e l e c t i o n  o f  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s .  I n  t h i s  s e c t i o n ,  
t h e  u s e  o f  t h e s e  p a r a m e t e r s  f o r  t h e  c o n s t r u c t i o n  o f  s e l e c t i v e  
i s o l a t i o n  p r o c e d u r e s  f o r  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s  i s  
d e s c r i b e d .
T h e r e  a r e  s e v e r a l  i m p o r t a n t  p o i n t s  w h i c h  n e e d  t o  b e  
c o n s i d e r e d  b e f o r e  a p p l y i n g  t h e  p a r a m e t e r s  i d e n t i f i e d  b y  
d i s c r i m i n a n t  a n a l y s i s  t o  t h e  d e s i g n  o f  s e l e c t i v e  i s o l a t i o n  
p r o c e d u r e s .  F i r s t l y ,  w h e n  d i s c r i m i n a n t  a n a l y s i s  i s  u s e d  t o  
p r o d u c e  a  d i s c r i m i n a n t  f u n c t i o n  u s i n g  a  s t e p w i s e  m e t h o d ,  
e f f i c i e n t  s e p a r a t i o n  b e t w e e n  g r o u p s  r e l i e s  o n  t h e  i n c l u s i o n  o f  
a l l  t h e  c o m p o n e n t s  o f  t h a t  f u n c t i o n .  T h e r e f o r e ,  t h e o r e t i c a l l y ,  
t h e  o p t i m a l  i s o l a t i o n  m e d iu m  w o u l d  c o n t a i n  a l l  o f  t h e  r e c o m m e n d e d  
s u b s t r a t e s  a n d  c o n d i t i o n s  l i s t e d  i n  t h e  d i s c r i m i n a n t  f u n c t i o n .  
H o w e v e r ,  i t  w o u l d  n o t  b e  p r a c t i c a b l e  t o  i n c l u d e  a l l  o f  t h e  
s e l e c t i v e  p a r a m e t e r s  r e c o m m e n d e d  b y  d i s c r i m i n a n t  a n a l y s i s  i n t o  a  
s i n g l e  i s o l a t i o n  m e d i u m  s i n c e  s u c h  a  m e d i u m  w o u l d  c o n t a i n  
m u l t i p l e  c a r b o n  a n d  n i t r o g e n  s o u r c e s  w h i c h  w o u l d  a l m o s t  c e r t a i n l y  
b e h a v e  d i f f e r e n t l y  i n  c o m b i n a t i o n  ( s e e  S e c t i o n  6 ) .  C o n v e r s e l y ,  
i s o l a t i o n  m e d i a  c o n t a i n i n g  o n l y  v e r y  f e w  o f  t h e  s u b s t r a t e s  f r o m  
t h e  d i s c r i m i n a n t  f u n c t i o n  m a y  n o t  b e  s t r o n g l y  s e l e c t i v e .  H o w e v e r ,  
i t  i s  e a s i e r  t o  e v a l u a t e  m e d i a  b a s e d  o n  s i m p l e  c o m b i n a t i o n s  o f  a  
l i m i t e d  n u m b e r  o f  s u b s t r a t e s  o r  c o n d i t i o n s .  O n c e  t h e s e  s i m p l e  
i s o l a t i o n  m e d i a  a r e  e v a l u a t e d  i n  p r a c t i c e  a n d  t h e  n a t u r e  o f  t h e i r  
s e l e c t i v i t y  a s c e r t a i n e d ,  f u r t h e r  s e l e c t i v e  s u b s t r a t e s  m a y  b e  
c o m b i n e d  w i t h  t h e m ,  e i t h e r  d i r e c t l y  o r  i n  a  m u l t i - s t a g e  m a n n e r ,  
o n e  e n r i c h m e n t  l e a d i n g  t o  a n o t h e r .
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A  n u m b e r  o f  s i m p l e  i s o l a t i o n  m e d i a  w e r e  d e s i g n e d  ( S e c t i o n
7 . 2 )  ( b a s e d  o n  t h e  s e l e c t i v e  p a r a m e t e r s  f r o m  d i s c r i m i n a n t  
a n a l y s i s ) .  U s i n g  a g r i c u l t u r a l  s o i l  a s  a  t e s t  i n o c u l u m  f o r  t h e  
m e d i a ,  t h e  m e d i a  w e r e  t e s t e d  f o r  t h e  f o l l o w i n g :
N u m b e r s  o f  a c t i n o m y c e t e s  a n d  e u b a c t e r i a  ( S e c t i o n  7 . 3 )
T y p e s  o f  a c t i n o m y c e t e s  ( S e c t i o n  7 . 4 )
B i o a c t i v i t y  o f  a c t i n o m y c e t e  i s o l a t e s  ( S e c t i o n  7 . 6 )
T h e  n u m b e r s  a n d  t y p e s  o f  a c t i n o m y c e t e s  a n d  e u b a c t e r i a  i n  a  
s o i l  s a m p l e  m a y  d e m o n s t r a t e  c o n s i d e r a b l e  s e a s o n a l  v a r i a t i o n .  F o r  
t h i s  r e a s o n  t h e  n e w  i s o l a t i o n  m e d i a  w e r e  e v a l u a t e d  a t  s e v e r a l  
d i f f e r e n t  t i m e s  o f  y e a r  t o  e n s u r e  t h a t  t h e i r  s e l e c t i v i t y  w a s  
s u s t a i n a b l e  o v e r  d i f f e r e n t  s o i l  c o n d i t i o n s .  A  s e c o n d a r y  s t u d y  o f  
t h e  n e w  m e d i a  w a s  a l s o  m a d e  u s i n g  v a r i o u s  s o i l  t y p e s  o t h e r  t h a n  
t h e  a g r i c u l t u r a l  s o i l  ( S e c t i o n  7 . 5 ) .
7.2 Medium Design
7.2.1 Materials and Method
N e w  i s o l a t i o n  m e d i a  w e r e  d e v e l o p e d  b y  s u b s t i t u t i n g  
s u b s t r a t e s  r e c o m m e n d e d  b y  d i s c r i m i n a n t  a n a l y s i s  i n t o  e x i s t i n g  
i s o l a t i o n  m e d i a  ( e g .  M 3  m e d i u m )  a n d  u t i l i z a t i o n  t e s t  m e d i a  f r o m  
t h e  n u t r i t i o n a l  s t u d y .  T h e  u t i l i z a t i o n  t e s t  m e d i a  i n c l u d e d  t h e  
c a r b o n  a n d  n i t r o g e n  t e s t  b a s e ,  C + N ;  t h e  n i t r o g e n  u t i l i z a t i o n  t e s t  
b a s a l  m e d i u m ,  N U M ;  a n d  t h e  c a r b o n  u t i l i z a t i o n  t e s t  m e d i u m  
c o n t a i n i n g  g l u c o s e ,  G U M . S u b s t i t u t i o n s  w e r e  m a d e  s u c h  t h a t  t h e  
n e w  c a r b o n  a n d  n i t r o g e n  s o u r c e s  w e r e  c a r b o n  a n d  n i t r o g e n  b a l a n c e d  
w i t h  t h e  o r i g i n a l  s u b s t r a t e s  s o  t h a t  c o m p a r i s o n s  c o u l d  b e  m a d e  
w i t h  c o n t r o l  m e d i a .  A l l  m e d i a  w e r e  a d j u s t e d  t o  p H  7 . 2 .
I t  w a s  d e c i d e d  t h a t  p r o l i n e ,  h u m i c  a c i d  ( 0 . 1 % )  a n d  
a s p a r a g i n e  w o u l d  b e  i n v e s t i g a t e d  i n  n e w  m e d i a  c o m p o s i t i o n s  e i t h e r  
a l o n e ,  a s  s o l e  c a r b o n  a n d  n i t r o g e n  s o u r c e s ,  o r  i n  c o m b i n a t i o n  
w i t h  t h e  c a r b o n  s o u r c e s  g l u c o s e ,  g l y c e r o l  a n d  p r o p i o n a t e  ( 0 . 1 % ) .  
P r o l i n e  a n d  h u m i c  a c i d  ( 0 . 1 % )  h a d  b e e n  r e c o m m e n d e d  b y
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d i s c r i m i n a n t  a n a l y s i s  a s  s e l e c t i v e  c a r b o n  a n d  n i t r o g e n  s o u r c e s  
f o r  t h e  i s o l a t i o n  o f  a c t i n o m y c e t e s  ( S e c t i o n  4 . 3 . 5 ) .  P r o l i n e  h a d  
b e e n  f u r t h e r  r e c o m m e n d e d  f o r  t h e  s e l e c t i o n  o f  a n t i b i o t i c -  
p r o d u c i n g  a c t i n o m y c e t e s .  A s p a r a g i n e  a s  a  n i t r o g e n  s o u r c e  i n  
c o m b i n a t i o n  w i t h  g l u c o s e  w a s  r e c o m m e n d e d  b y  d i s c r i m i n a n t  a n a l y s i s  
f o r  t h e  s e l e c t i o n  o f  a n t i b i o t i c - p r o d u c e r s  b u t  w a s  n o t  e x p e c t e d  t o  
b e  s e l e c t i v e  a g a i n s t  e u b a c t e r i a .  G l y c e r o l  a n d  g l u c o s e  w e r e  
r e c o m m e n d e d  b y  d i s c r i m i n a n t  a n a l y s i s  a s  b e i n g  s e l e c t i v e  f o r  
a c t i n o m y c e t e s  r a t h e r  t h a n  e u b a c t e r i a .  P r o p i o n a t e  ( 0 . 0 1 % )  w h i c h  i s  
p r e s e n t  i n  t h e  s e l e c t i v e  m e d i u m  M 3  w a s  n o t  r e c o m m e n d e d  b y  
d i s c r i m i n a n t  a n a l y s i s  f o r  t h e  i s o l a t i o n  o f  a c t i n o m y c e t e s .  
S u b s t i t u t i o n  o f  g l y c e r o l  o r  g l u c o s e  w a s ,  t h e r e f o r e ,  e x p e c t e d  t o  
a l t e r  t h e  s e l e c t i v i t y  o f  t h i s  m e d i u m .
T a b l e  7 . 1  N e w  S e l e c t i v e  I s o l a t i o n  M e d i a
N o . B a s a l
M e d i u m
A d d i t i o n s  a n d  S u b s t i t u t i o n s
1 M 3 a s p a r a g i n e  a s  n i t r o g e n  s o u r c e
2 M 3 p r o l i n e  a s  n i t r o g e n  s o u r c e
3 C + N p r o l i n e  a s  c a r b o n  a n d  n i t r o g e n  s o u r c e
4 C + N h u m i c  a c i d  0 . 1 % a s  c a r b o n  a n d  n i t r o g e n  s o u r c e
5 C + N a s p a r a g i n e  a s  c a r b o n  a n d  n i t r o g e n  s o u r c e
6 G U M a s p a r a g i n e  a s  n i t r o g e n  s o u r c e
7 G U M p r o l i n e  a s  n i t r o g e n  s o u r c e
8 M 3 g l u c o s e  a s  C  s o u r c e ,  p r o l i n e  a s  N  s o u r c e
9 M 3 g l u c o s e  a s  C  s o u r c e ,  a s p a r a g i n e  a s  N  s o u r c e
1 0 M 3 g l y c e r o l  a s  C  s o u r c e ,  p r o l i n e  a s  N  s o u r c e
1 1 M 3 g l y c e r o l  a s  C  s o u r c e ,  a s p a r a g i n e  a s  N  s o u r c e
7.3 Numbers of Actinomycetes and Eubacteria on the New Isolation 
Media
7.3.1 Materials and Method
T h e  m e d i a  ( T a b l e  7 . 1 )  w e r e  t e s t e d  b y  p l a t i n g  d i l u t i o n s  o f  
a g r i c u l t u r a l  s o i l  o n t o  t h e m  ( s e e  s t a n d a r d  m e t h o d  i n  S e c t i o n  2 . 2 ) .  
V i a b l e  c o u n t s  w e r e  m a d e  a f t e r  i n c u b a t i o n  a t  3 0 ° C  f o r  1 4  d a y s .  T h e  
n u m b e r s  o f  a c t i n o m y c e t e s  a n d  e u b a c t e r i a  r e c o v e r e d  o n  t h e  n e w
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m e d i a  w e r e  c o m p a r e d  w i t h  t h o s e  r e c o v e r e d  o n  t h e  c o n t r o l  m e d i a  
( i e .  u n a m m e n d e d  s t a r c h - c a s e i n  a n d  M 3  m e d i u m ) .
7 . 3 . 2  R e s u l t s  a n d  D i s c u s s i o n
M e d i a  1  t o  4  w e r e  t h e  m o s t  s u c c e s s f u l  o f  t h e  n e w  m e d i a  i n  
r e d u c i n g  t h e  r a t i o  o f  b a c t e r i a  t o  a c t i n o m y c e t e s  c o m p a r e d  t o  t h e  
c o n t r o l  m e d i a  ( T a b l e  7 . 2 ) .  T h i s  m i g h t  h a v e  b e e n  a c h i e v e d  e i t h e r  
b y  a  r e d u c t i o n  i n  t h e  r e c o v e r y  o f  e u b a c t e r i a  a n d / o r  a n  i n c r e a s e  
i n  t h e  r e c o v e r y  o f  a c t i n o m y c e t e s .  I t  i s  w o r t h  n o t i n g  t h a t  M 3  
m e d i u m  i s  e q u i v a l e n t  i n  t e r m s  o f  o v e r a l l  c a r b o n  a n d  n i t r o g e n  
c o n t e n t  t o  m e d i a  1  a n d  2 ,  w h i l s t  m e d i a  3  a n d  4  a r e  m o r e  
c o m p a r a b l e  w i t h  s t a r c h - c a s e i n  m e d i u m .  T h e  c o m p o s i t i o n s  o f  t h e  n e w  
m e d i a  1 - 4  a r e  g i v e n  i n  A p p e n d i x  1 .
T a b l e  7 . 2 .  R a t i o  o f  B a c t e r i a  t o  A c t i n o m y c e t e s  O b s e r v e d  o n  N e w  
I s o l a t i o n  M e d i a  a t  D i f f e r e n t  T i m e s  o f  Y e a r
M e d i u m F e b r u a r y J u n e S e p t e m b e r
M 3  c o n t r o l 3 . 2 3 1 2 . 0 5 2 . 4 2
1  M 3  a s p a r a g i n e 1 . 3 1 9 . 0 2 1 . 7 3
2  M 3  p r o l i n e 1 . 5 4 7 . 5 9 1 . 8 9
3  P r o l i n e  ( C + N ) 1 . 4 6 1 1 . 4 4 4 . 5 2
4  H u m i c  A c i d  ( 0 . 1 % ) 1 . 6 1 n o t  t e s t e d 2 . 4 4
S t a r c h  C a s e i n 6 .0 1 6 . 6 6 1 .6 8
I t  s h o u l d  b e  n o t e d  t h a t  s i n c e  p l a t e  c o u n t s  f r o m  d i l u t i o n  
p l a t e s  o f  s o i l  a r e  e x t r e m e l y  v a r i a b l e  t h e  r a t i o s  o f  a c t i n o m y c e t e s  
t o  b a c t e r i a  f r o m  t h e s e  c o u n t s  m a y  a l s o  h a v e  l a r g e  v a r i a n c e s .  
A l t h o u g h  a  r a t i o  o f  b a c t e r i a  t o  a c t i n o m y c e t e s  g i v e s  a  r o u g h  i d e a  
o f  t h e  e f f i c a c y  o f  t h e  m e d i u m  i t  i s  p r e f e r a b l e  t o  d i s c u s s  t h e  
r e s u l t s  i n  t e r m s  o f  c h a n g e s  i n  t h e  a b s o l u t e  n u m b e r s  o f  
a c t i n o m y c e t e s  a n d  b a c t e r i a .  R e f e r i n g  b a c k  t o  t h e  o r i g i n a l  d a t a  
a l s o  e n a b l e s  o n e  t o  s e e  w h e t h e r  a n  i n c r e a s e  i n  a c t i n o m y c e t e s  o r  a  
d e c r e a s e  i n  e u b a c t e r i a  h a s  b e e n  r e s p o n s i b l e  f o r  m e d i u m  
s p e c i f i c i t y .
I l l
S t a t i s t i c a l  A n a l y s i s
S t u d e n t  t - t e s t s  w e r e  p e r f o r m e d  o n  t h e  m e a n  n u m b e r s  o f  
a c t i n o m y c e t e s  a n d  b a c t e r i a  c o u n t e d  o n  t h e  m e d i a  i n  o r d e r  t o  t e s t  
w h e t h e r  t h e r e  w a s  a n y  d i f f e r e n c e  b e t w e e n  t h e  n e w  m e d i a  a n d  t h e  
c o n t r o l  m e d i a .  P r i o r  t o  c a r r y i n g  o u t  t h e  t - t e s t s ,  a n  F - t e s t  h a d  
i n d i c a t e d  t h a t  t h e  p o p u l a t i o n  m e a n s  o n  t h e  d i f f e r e n t  m e d i a  w e r e  
u n e q u a l ,  t h e r e f o r e  i t  w a s  w o r t h  c o n t i n u i n g  w i t h  t h e  t - t e s t s .  
B a r t l e t t ' s  t e s t  f o r  h o m o g e n e i t y  o f  v a r i a n c e s  w a s  a l s o  c a l c u l a t e d  
f o r  t h e  d a t a .  T h e  a c t i n o m y c e t e  d a t a  f o r  J u n e  w a s  t h e  o n l y  d a t a  
t h a t  f a i l e d  B a r t l e t t ' s  t e s t  ( a t  t h e  5%  s i g n i f i c a n c e  l e v e l ) .  T h i s  
m e a n s  t h a t ,  f o r  t h e  o t h e r  s e t s  o f  d a t a ,  t h e r e  i s  n o  r e a s o n  t o  
s u p p o s e  t h a t  d i f f e r e n c e s  i n  e s t i m a t e d  v a r i a n c e  b e t w e e n  g r o u p s  i s  
d u e  t o  a n y t h i n g  o t h e r  t h a n  s a m p l i n g  v a r i a t i o n .  T h i s  m e a n s  t h a t  i n  
t h e  t - t e s t s  a  p o o l e d  v a r i a n c e  e s t i m a t e  c o u l d  b e  u s e d  f o r  t h e  
t h e s e  d a t a  b u t  a  s e p a r a t e  v a r i a n c e  e s t i m a t e  w o u l d  b e  n e c e s s a r y  
f o r  t h e  J u n e  a c t i n o m y c e t e  d a t a .
F i g u r e s  7 . 1 - 7 . 3  a r e  h i s t o g r a m s  s h o w i n g  t h e  a b s o l u t e  n u m b e r s  
o f  a c t i n o m y c e t e s  a n d  e u b a c t e r i a  o n  t h e  n e w  m e d i a .  W h e r e  a n  ' s '  
a p p e a r s  a b o v e  t h e  b a r s  t h i s  i n d i c a t e s  t h a t ,  a c c o r d i n g  t o  t h e  t -  
t e s t ,  t h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e  ( a t  t h e  5%  s i g n i f i c a n c e  
l e v e l )  i n  n u m b e r s  c o m p a r e d  w i t h  t h e  c o n t r o l  m e d i u m .  M 3  m e d iu m  w a s  
u s e d  a s  a  c o n t r o l  m e d iu m  f o r  m e d i a  1  a n d  2 ,  w h i l s t  s t a r c h - c a s e i n  
m e d iu m  w a s  t h e  c o n t r o l  f o r  m e d i a  3  a n d  4 .
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F i g u r e s  7 . 1 - 7 . 3  S e a s o n a l  V a r i a t i o n  i n  t h e  R e c o v e r y  o f
A c t i n o m y c e t e s  a n d  E u b a c t e r i a  o n  t h e  N e w  M e d i a .
F i g u r e  7 . 1
coO
c
3Oo
JP
-QO3
M3aspg M3prol Prollne 
1 2 Medium 3
F i g u r e  7 . 2 30 -i
o
x
c3Oo
J P
_DO
F i g u r e  7 . 3
c3Oo
J3o
5:
15 -1
10-1
A g r i c u l t u r a l  S o i l  
J u n e
M 3prol 2
Medium
A g r i c u l t u r a l  S o i l  
S e p t e m b e r
i
& s f l
p
1
Sv-
M 3aspg1 M3prol Prollno 2 Medium 3
actinos
b a cter ia
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s  =  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  n u m b e r s  r e c o v e r e d  o n  t h e  
c o n t r o l  m e d i a  ( M 3  a n d  S C )
1 1 3
I n  J u n e  i t  w a s  n o t a b l e  t h a t  t h e  n u m b e r s  o f  b o t h  e u b a c t e r i a  
w e r e  h i g h e r  t h a n  a t  t h e  o t h e r  t i m e s  o f  y e a r .  D e s p i t e  t h i s ,  t h e  
r a t i o s  o f  b a c t e r i a  t o  a c t i n o m y c e t e s  o n  t h e  d i f f e r e n t  i s o l a t i o n  
m e d i a  s h o w e d  s i m i l a r  t r e n d s  t o  t h e  t h o s e  f o u n d  a t  o t h e r  t i m e s  o f  
y e a r .  H o w e v e r ,  n o  s i g n i f i c a n t  d i f f e r e n c e  w a s  f o u n d  b e t w e e n  t h e  
n u m b e r s  o f  a c t i n o m y c e t e s  o r  b a c t e r i a  r e c o v e r e d  i n  J u n e  o n  t h e  n e w  
M 3  b a s e d  m e d i a  ( 1  a n d  2 )  c o m p a r e d  w i t h  t h e  c o n t r o l .  T h i s  t y p e  o f  
s o i l  s a m p l e ,  w h e r e  b a c t e r i a  g r e a t l y  o u t n u m b e r  a c t i n o m y c e t e s  m a y  
b e n e f i t  f r o m  a  p r e t r e a t m e n t  s u c h  a s  p r o l o n g e d  a i r  d r y i n g  o r  h e a t  
t r e a t m e n t  p r i o r  t o  p l a t i n g  o n t o  a  s e l e c t i v e  m e d i u m .  T h e  
s e l e c t i v i t y  o f  t h e  m e d i a  i s  n o t  s u f f i c i e n t  t o  o v e r c o m e  t h e  l a r g e  
n u m b e r s  o f  e u b a c t e r i a  p r e s e n t .
Medium 1: Substitution of Asparagine for Nitrate in M3 Medium
T h e  s e l e c t i v e  e f f e c t  o f  a s p a r a g i n e  i n  p l a c e  o f  n i t r a t e  a s  a  
n i t r o g e n  s o u r c e  i n  M 3  m e d iu m  ( M e d i u m  1 )  w a s  d u e  t o  a  r e d u c t i o n  i n  
e u b a c t e r i a l  n u m b e r s  a c c o m p a n i e d  b y  a  m i n i m a l  r e d u c t i o n  i n  
a c t i n o m y c e t e  n u m b e r s .  I n  F e b r u a r y  a n d  S e p t e m b e r ,  a  s i g n i f i c a n t  
r e d u c t i o n  i n  t h e  n u m b e r s  o f  e u b a c t e r i a  w a s  f o u n d  w h i l s t  r e c o v e r y  
o f  a c t i n o m y c e t e s  w a s  v i r t u a l l y  u n c h a n g e d  ( F i g u r e s  7 . 1  a n d  7 . 3 ) .  
I n  J u n e ,  h o w e v e r ,  o n l y  a  s m a l l  r e d u c t i o n  i n  e u b a c t e r i a l  n u m b e r s  
w a s  d e t e c t e d  w h i c h  w a s  n o t  s i g n i f i c a n t  ( F i g u r e  7 . 2 ) .  A s p a r a g i n e  
h a d  n o t  b e e n  e x p e c t e d  t o  r e d u c e  t h e  n u m b e r s  o f  e u b a c t e r i a  
r e c o v e r e d ,  h o w e v e r ,  i t  h a d  p r e v i o u s l y  b e e n  t e s t e d  i n  c o m b i n a t i o n  
w i t h  g l u c o s e  a n d  n o t  w i t h  p r o p i o n a t e .
Medium 2: Substitution of Proline for Nitrate in M3 Medium
U s e  o f  p r o l i n e  a s  a  n i t r o g e n  s o u r c e  i n  M 3  ( M e d i u m  2 )  
s i g n i f i c a n t l y  r e d u c e d  t h e  n u m b e r  o f  e u b a c t e r i a  i s o l a t e d  f r o m  t h e  
F e b r u a r y  a n d  S e p t e m b e r  s a m p l e s .  H o w e v e r ,  s i g n i f i c a n t  n u m b e r s  o f  
a c t i n o m y c e t e s  w e r e  a l s o  l o s t .  I n  J u n e ,  t h i s  m e d i u m  h a d  n o  e f f e c t  
o n  t h e  r e c o v e r y  o f  e i t h e r  a c t i n o m y c e t e s  o r  e u b a c t e r i a  c o m p a r e d  
w i t h  t h e  c o n t r o l  m e d i u m .
1 1 4
M e d iu m  3 :  P r o l i n e  a s  a  C a r b o n  a n d  N i t r o g e n  S o u r c e
T h e  s e l e c t i v i t y  o f  p r o l i n e  a s  a  c a r b o n  a n d  n i t r o g e n  s o u r c e  
i n  C + N  u t i l i z a t i o n  t e s t  b a s e  ( M e d i u m  3 )  i s  p r o b a b l y  b a s e d  o n  a  
r e d u c t i o n  i n  e u b a c t e r i a l  n u m b e r s  w i t h  m i n i m a l  l o s s  i n  n u m b e r s  o f  
a c t i n o m y c e t e s ,  a l t h o u g h  d i f f e r e n t  r e s u l t s  w e r e  f o u n d  a t  d i f f e r e n t  
t i m e s  o f  y e a r .  I n  F e b r u a r y ,  a  s i g n i f i c a n t  r e d u c t i o n  i n  
e u b a c t e r i a l  n u m b e r s  w a s  o b s e r v e d  w i t h  m i n i m a l  l o s s  o f  
a c t i n o m y c e t e s .  I n  J u n e  n o  c h a n g e  w a s  o b s e r v e d  i n  e i t h e r  
e u b a c t e r i a l  o r  a c t i n o m y c e t e  n u m b e r s  c o m p a r e d  t o  t h e  c o n t r o l  
m e d i a .  I n  S e p t e m b e r ,  h o w e v e r ,  e u b a c t e r i a  w e r e  n o t  r e d u c e d  b u t  
a c t i n o m y c e t e  n u m b e r s  d r o p p e d  s i g n i f i c a n t l y .
Medium 4: Humic Acid as a Carbon and Nitrogen source
T h e  r e s u l t s  o n  t h e  h u m i c  a c i d  m e d i u m  ( M e d i u m  4 )  w e r e  
v a r i a b l e  a t  d i f f e r e n t  t i m e s  o f  y e a r .  A  g o o d  b a c t e r i a  t o  
a c t i n o m y c e t e  r a t i o  w a s  r e t a i n e d ,  h o w e v e r ,  d u e  e i t h e r  t o  a  
d e c r e a s e  i n  b a c t e r i a l  n u m b e r s  o r  a n  i n c r e a s e  i n  a c t i n o m y c e t e  
r e c o v e r y .  I n  F e b r u a r y  t h e  h u m i c  a c i d  m e d iu m  w a s  s u c c e s s f u l  i n  
r e d u c i n g  b a c t e r i a l  n u m b e r s  s i g n i f i c a n t l y  w h i l s t  r e t a i n i n g  
a c t i n o m y c e t e s .  H o w e v e r ,  i n  S e p t e m b e r ,  t h e  h u m i c  a c i d  m e d i u m  
s h o w e d  a  s i g n i f i c a n t  i n c r e a s e  i n  b a c t e r i a l  i s o l a t i o n .  D e s p i t e ,  
t h i s  a  s i g n i f i c a n t  i n c r e a s e  i n  a c t i n o m y c e t e  n u m b e r s  w a s  a l s o  
f o u n d .  T h i s  i s  a n  i n t e r e s t i n g  r e s u l t  a n d  i m p l i e s  t h a t  o r g a n i s m s  
c a p a b l e  o f  t o l e r a t i n g  a n d / o r  d e g r a d i n g  0 . 1 % h u m i c  a c i d  a r e  m o r e  
n u m e r o u s  a t  t h i s  t i m e  o f  y e a r .  T h e  f a c t  t h a t  r e c o v e r y  o f  
a c t i n o m y c e t e s  i s  i n c r e a s e d  a t  t h e  s a m e  t i m e  a s  e u b a c t e r i a l  
r e c o v e r y  i s  a n  i n d i c a t i o n  t h a t  t h e  m e d iu m  i s  i n d e e d  s e l e c t i v e  f o r  
a c t i n o m y c e t e s .  O n  a  l e s s  s e l e c t i v e  m e d i u m  a n  i n c r e a s e  i n  
e u b a c t e r i a l  r e c o v e r y  w o u l d  g e n e r a l l y  l e a d  t o  a  d e c r e a s e  i n  
a c t i n o m y c e t e  r e c o v e r y  d u e  t o  c o m p e t i t i o n  f o r  n u t r i e n t s .
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I n  s u m m a r y ,  t h e  M 3  a s p a r a g i n e  a n d  t h e  h u m i c  a c i d  m e d iu m  
a p p e a r  t o  b e  p r o m i s i n g  n e w  i s o l a t i o n  m e d i a  f o r  a c t i n o m y c e t e s .  M 3  
p r o l i n e  m e d i u m  m a y  a l s o  b e  u s e f u l  a l t h o u g h  a  r e d u c t i o n  i n  
a c t i n o m y c e t e  n u m b e r s  w a s  o f t e n  f o u n d .  T h e  P r o l i n e  ( C + N )  m e d iu m  
p o s s i b l y  t e n d s  t o  b e  o v e r s e l e c t i v e .  E u b a c t e r i a l  n u m b e r s  w e r e  
g e n e r a l l y  d r a s t i c a l l y  r e d u c e d .  H o w e v e r ,  n u m e r o u s  a c t i n o m y c e t e s  
w e r e  a l s o  l o s t .
7.4 Types of Actinomycetes on the New Isolation Media
T h e  i s o l a t i o n  o b j e c t i v e s  i n  t h i s  s t u d y  w e r e  t o  i n c r e a s e  
a c t i n o m y c e t e  i s o l a t i o n  c o m p a r e d  t o  e u b a c t e r i a l  i s o l a t i o n  ( s e e  
S e c t i o n  7 . 3 )  a n d  t o  i n c r e a s e  t h e  n u m b e r s  o f  a n t i b i o t i c - p r o d u c i n g  
a c t i n o m y c e t e s  i s o l a t e d  ( s e e  S e c t i o n  7 . 6 ) .  T h e  r e c o g n i t i o n  o f  
p a r t i c u l a r  m o r p h o l o g i c a l  ( o r  t a x o n o m i c )  g r o u p s  o f  a c t i n o m y c e t e s  
w a s  n o t  o f  p r i m a r y  i n t e r e s t  i n  t h i s  w o r k .  H o w e v e r ,  i t  w a s  
c o n s i d e r e d  i m p o r t a n t  t o  a s s e s s  t h e  q u a l i t y  o f  t h e  a c t i n o m y c e t e  
i s o l a t e s  i n  g e n e r a l  t e r m s  s i n c e  o v e r - s e l e c t i v e  i s o l a t i o n  m e d i a  
m a y  l e a d  t o  a  d r a s t i c  d e c r e a s e  i n  s p e c i e s  d i v e r s i t y .
7.4.1 Materials and Method
A c t i n o m y c e t e  i s o l a t e s  w e r e  p i c k e d  o f f  m e d i a  1 , 2 , 3 , 4 ,  a n d  t h e  
c o n t r o l  m e d i a ,  s t a r c h - c a s e i n  a r i d  M 3  m e d i u m .  T h e y  w e r e  p u r i f i e d  
a n d  t h e n  g r o u p e d  a c c o r d i n g  t o  c o l o u r  c h a r a c t e r i s t i c s  o n  o a t m e a l  
a g a r  ( S e c t i o n  2 . 4 ) .  T h e  g r o u p s  a p p e a r i n g  o n  t h e  d i f f e r e n t  m e d i a  
w e r e  t h e n  c o m p a r e d .
A  d i v e r s i t y  i n d e x  w a s  c a l c u l a t e d  f o r  e a c h  m e d i u m ,  
r e p r e s e n t i n g  t h e  r e l a t i v e  n u m b e r  o f  a c t i n o m y c e t e  t y p e s  p r e s e n t .  
I n  t h i s  s t u d y ,  M a r a g e l e f ’ s  m e a s u r e  o f  s p e c i e s  r i c h n e s s  w a s  u s e d .  
I t  i s  g i v e n  b y :
D  =  ( n - 1 )  /  i n  N  
w h e r e  n  i s  t h e  n u m b e r  o f  t y p e s  a n d  N  t h e  n u m b e r  o f  i n d i v i d u a l s  
( M a r g a l e f ,  1 9 5 1 ) .
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A  s i m i l a r i t y  m e a s u r e ,  t h e  s i m p l e  c o e f f i c i e n t  o f  s i m i l a r i t y  
( C )  ( s e e  K e r s h a w ,  1 9 7 3 )  w a s  a l s o  c a l c u l a t e d  f o r  e a c h  m e d i u m  
a g a i n s t  t h e  c o n t r o l s  M 3  a n d  s t a r c h - c a s e i n  m e d i u m .
C  =  2 w / a + b
W h e r e  w  i s  t h e  n u m b e r  o f  t y p e s  i n  c o m m o n , a  t h e  n u m b e r  o f  t y p e s  
i n  o n e  g r o u p  a n d  b  t h e  n u m b e r  o f  t y p e s  i n  t h e  o t h e r  g r o u p .
7.4.2 Results and Discussion
T h e  M 3  c o n t r o l  m e d iu m  w a s  g e n e r a l l y  t h e  m o s t  ' s p e c i e s '  r i c h  
m e d i u m  a n d  t h e  s t a r c h - c a s e i n  c o n t r o l  m e d i u m  w a s  t h e  l e a s t  
' s p e c i e s '  r i c h .  T h e s e  t w o  m e d i a  a r e  q u i t e  d i f f e r e n t  f r o m  e a c h  
o t h e r  a s  i s  s h o w n  b y  t h e  s i m i l a r i t y  m e a s u r e s  c a l c u l a t e d  ( T a b l e s  
7 . 3 - 7 . 5 ) .  I n  F e b r u a r y  t h e r e  w a s  8% , i n  J u n e  3 0 % ,  a n d  i n  S e p t e m b e r  
1 4 %  s i m i l a r i t y  b e t w e e n  t h e  t w o  c o n t r o l  m e d i a .  S t a r c h  c a s e i n  i s  
s u i t a b l e  f o r  t h e  i s o l a t i o n  o f  t h e  f a s t - g r o w i n g  a c t i n o m y c e t e s  
( p r i m a r i l y  S t r e p t o m y c e t e s ) w h i l s t  M 3  m e d iu m  i s  b e l i e v e d  t o  b e  
m o r e  s e l e c t i v e  f o r  t h e  s l o w e r - g r o w i n g  a c t i n o m y c e t e s  ( e g .  
R h o d o c o c c u s ) . T h e  r e l a t i v e l y  l a r g e  o v e r l a p  b e t w e e n  t h e  i s o l a t e s  
r e c o v e r e d  i n  J u n e  ( 3 0 % )  m a y  b e  d u e  t o  t h e  f a c t  t h a t  i n  t h e  
p r e s e n c e  o f  l a r g e  n u m b e r s  o f  b a c t e r i a ,  o n l y  f a s t - g r o w i n g  
a c t i n o m y c e t e s  w i l l  a p p e a r  o n  e i t h e r  o f  t h e  m e d i a .
O f  t h e  n e w  i s o l a t i o n  m e d i a ,  m e d i a  1  a n d  2  g e n e r a l l y  h a d  
s l i g h t l y  l o w e r  s p e c i e s  r i c h n e s s  v a l u e s  t h a n  t h e  M 3  c o n t r o l  
m e d i u m .  M e d i a  3  a n d  4  h a d  s t i l l  l o w e r  s p e c i e s  r i c h n e s s  v a l u e s  b u t  
t h e s e  v a l u e s  w e r e  s t i l l  c o m p a r a b l e  o r  b e t t e r  t h a n  t h o s e  o n  t h e  
s t a r c h - c a s e i n  c o n t r o l  m e d i u m .  T h e  s i m i l a r i t y  m e a s u r e s  o f  t h e  n e w  
m e d i a  d e m o n s t r a t e  t h a t  t h e  n e w  M 3 - b a s e d  m e d i a  ( 1  a n d  2 )  a r e  q u i t e  
d i f f e r e n t  f r o m  t h e  M 3  c o n t r o l  m e d i u m  w i t h  a t  m o s t  o n l y  5 0 %  
s i m i l a r i t y .  T h i s  i s  a l s o  t r u e  o f  t h e  p r o l i n e  a n d  h u m i c  a c i d  m e d i a  
( 3  a n d  4 )  w h i c h  s h o w  l i t t l e  s i m i l a r i t y  w i t h  e i t h e r  c o n t r o l  m e d i a .  
I n  t e r m s  o f  o v e r a l l  c a r b o n  a n d  n i t r o g e n  c o n t e n t  t h e s e  m e d i a  ( 3  
a n d  4 )  a r e  t h e o r e t i c a l l y  m o r e  c o m p a r a b l e  t o  s t a r c h - c a s e i n  m e d iu m  
t h a n  t o  M 3  m e d i u m ,  h o w e v e r ,  a  m a x im u m  o f  o n l y  3 0 %  s i m i l a r i t y  w a s  
f o u n d .  A g a i n ,  t h i s  i m p l i e s  t h a t  t h e  n e w  m e d i a  a r e  q u i t e  d i f f e r e n t  
i s o l a t i o n  m e d i a  i n  t e r m s  o f  t h e i r  s e l e c t i v i t y  a n d ,  t h e r e f o r e ,  i t
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i s  d i f f i c u l t  t o  m a k e  c o m p a r is o n s  b e t w e e n  t h e m .
T a b l e s  7 . 3 - 7 . 5  S p e c i e s  D i v e r s i t y  a n d  S i m i l a r i t y  C o e f f i c i e n t s  
o f  I s o l a t e s  f r o m  t h e  N e w  I s o l a t i o n  M e d i a .
T a b l e  7 . 3  F e b r u a r y  D a t a
M e d i u m  n o .  o f  n o .  o f  D C  C
t y p e s i n d i v i d u a l s ( c f . M 3 ) ( c f .  S C )
M 3  c o n t r o l 1 6 1 6 5 . 4 1 1 . 0 0 0 . 0 8
1  M 3  a s p 1 5 1 7 4 . 9 4 0 . 4 5 0 . 1 8
2  M 3  p r o l 1 1 1 8 3 . 4 5 0 . 3 7 0 . 3 3
3  P r o l i n e 1 3 1 8 4 . 1 5 0 . 2 7 0 . 3 0
4  H u m i c  A c i d 1 3 1 7 4 . 2 3 0 . 2 1 0 . 1 0
S t a r c h  C a s e i n 7 9 2 . 7 3 0 . 0 8 1 . 0 0
T a b l e  7 . 4 J u n e  D a t a
M e d i u m n o .  o f n o .  o f D C C
t y p e s i n d i v i d u a l s ( c f .  M 3 ) ( c f .  S C )
M 3  c o n t r o l 2 4 3 9 6 . 2 7 1 . 0 0 0 . 3 0
1  M 3  a s p 20 3 7 5 . 2 6 0 . 5 9 0 . 2 2
2  M 3  p r o l 2 7 3 6 7 . 2 5 0 . 4 7 0 . 1 8
3  P r o l i n e 8 1 3 2 . 4 7 0 . 2 5 0 . 1 6
4  H u m i c  A c i d - - - - -
S t a r c h  C a s e i n 1 6 1 9 5 . 0 9 0 . 3 0 1 . 0 0
T a b l e  7 . 5 S e p t e m b e r  D a t a
M e d i u m n o .  o f n o .  o f D C c
t y p e s i n d i v i d u a l s ( c f .  M 3 ) ( c f .  S C )
M 3  c o n t r o l 1 7 1 9 5 . 4 3 1 . 0 0 0 . 1 4
1  M 3  a s p 1 3 2 1 3 . 9 4 0 . 0 7 0 . 2 2
2  M 3  p r o l 1 4 1 9 4 . 4 1 0 . 1 2 0 . 2 5
3  P r o l i n e 1 6 1 8 5 . 1 8 0 . 0 6 0 . 0 8
4  H u m i c  A c i d 1 1 20 3 . 3 3 0 . 2 1 0 . 1 8
S t a r c h  C a s e i n 1 0 1 5 3 . 3 2 0 . 1 4 1.00
D  i s  t h e  m e a s u r e  o f  s p e c i e s  r i c h n e s s  o r  d i v e r s i t y  i n d e x  
C  i s  t h e  s i m p l e  c o e f f i c i e n t  o f  s i m i l a r i t y ,  a  s i m i l a r i t y  m e a s u r e  
C  w a s  c a l c u l a t e d  f o r  e a c h  n e w  m e d iu m  c o m p a r e d  w i t h  s t a r c h - c a s e i n  
m e d iu m  ( S C )  a n d  M 3  m e d iu m  ( M 3 )
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7 . 5  E f f i c a c y  o f  N ew  m e d ia  o n  V a r i o u s  D i f f e r e n t  S o i l  T y p e s
A n  i n v e s t i g a t i o n  w a s  m a d e  o f  t h e  e f f i c a c y  o f  t h e  n e w  m e d i a  
o n  v a r i o u s  s o i l  t y p e s  o t h e r  t h a n  t h e  a g r i c u l t u r a l  s o i l  ( p H  6 . 9 ) .  
T h e  t e s t  s o i l s  i n c l u d e d  a  R e n d z i n a  s o i l  ( p H  7 . 5 ) ,  a  C h e s t n u t  
f o r e s t  s o i l  ( p H  4 . 1 )  a n d  a  P i n e  f o r e s t  s o i l  ( p H  3 . 6 ) .  T h e  r e s u l t s  
o f  t h i s  w o r k  a r e  p r e s e n t e d  i n  A p p e n d i x  6 .  T h e  i s o l a t e s  f r o m  t h e s e  
s o i l s  w e r e  n o t  t e s t e d  f o r  b i o a c t i v i t y .
G e n e r a l l y ,  s i m i l a r  t r e n d s  w e r e  f o u n d  r e g a r d i n g  t h e  n u m b e r s  
a n d  t y p e s  o f  a c t i n o m y c e t e s  r e c o v e r e d  o n  t h e  n e w  m e d i a  f r o m  a l l  o f  
t h e  s o i l s  t e s t e d .  H o w e v e r ,  t h e  i n i t i a l  r a t i o  o f  b a c t e r i a  t o  
a c t i n o m y c e t e s  i n  t h e  s o i l  a n d  t h e  p H  o f  t h e  s o i l  c o m p a r e d  t o  t h a t  
o f  t h e  i s o l a t i o n  m e d iu m  w e r e  f o u n d  t o  h a v e  a  l a r g e  e f f e c t  o n  t h e  
r e c o v e r y  o f  a c t i n o m y c e t e s  a n d  t h e r e f o r e  t h e  a p p a r e n t  e f f i c a c y  o f  
t h e  m e d i a .
R e n d z i n a  s o i l  i s  o f  a  t y p e  f o r m e d  o n  c h a l k  a n d  h a s  a  
r e p u t a t i o n  f o r  b e i n g  r i c h  i n  a c t i n o m y c e t e s .  I n d e e d ,  m o r e  
a c t i n o m y c e t e s  t h a n  e u b a c t e r i a  w e r e  r e c o v e r e d  f r o m  t h i s  s o i l  u s i n g  
t h e  c o n t r o l  m e d i a .  W i t h  s o i l s  o f  t h i s  t y p e ,  i t  i s  p o s s i b l e  t h a t  
s t r o n g l y  s e l e c t i v e  i s o l a t i o n  m e d i a  a r e  n o t  r e q u i r e d .
R e c o v e r y  o f  m i c r o o r g a n i s m s  f r o m  t h e  t w o  a c i d  s o i l s  w a s  p o o r .  
A d j u s t m e n t  o f  t h e  m e d iu m  p H  t o  m a t c h  t h e  p H  o f  t h e  a c i d  s o i l  
s a m p l e s  m a y  i m p r o v e  t h e  i s o l a t i o n  o f  m i c r o o r g a n i s m s  f r o m  t h e s e  
e n v i r o n m e n t s .
I t  w o u l d  a p p e a r  t h a t  t h e  n e w  i s o l a t i o n  m e d i a  d e v e l o p e d  a r e  
b e s t  s u i t e d  t o  s o i l s  s i m i l a r  t o  t h e  a g r i c u l t u r a l  o n e ,  t h a t  i s  
s o i l s  o f  p H  7 - 7 . 5  i n  w h i c h  b a c t e r i a  o u t n u m b e r  a c t i n o m y c e t e s  b y  a  
f a c t o r  o f  a p p r o x i m a t e l y  o n e  h u n d r e d .
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7 . 6  B i o a c t i v i t y  o f  t h e  A c t i n o m y c e t e  I s o l a t e s
7 . 6 . 1  M a t e r i a l s  a n d  M e t h o d
I s o l a t e s  w e r e  a s s a y e d  f o r  b i o a c t i v i t y  a g a i n s t  S taph, a u r e u s , 
E . c o l i  a n d  E . c o l i  S S  ( s u p e r s e n s i t i v e )  u s i n g  t h e  d r o p l e t  o v e r l a y  
b i o a s s a y  m e t h o d  ( S e c t i o n  2 . 3 ) .  A n  i s o l a t e  w a s  s c o r e d  a s  
a n t i b i o t i c  p o s i t i v e  i f  a c t i v i t y  w a s  f o u n d  a g a i n s t  a n y  o n e  o f  
t h e s e  o r g a n i s m s .
7 . 6 . 2  R e s u l t s  a n d  D i s c u s s i o n
T a b l e  7 . 6 .  s h o w s  t h e  p e r c e n t a g e  o f  a n t i b i o t i c  p o s i t i v e  
s t r a i n s  f o r  t h e  n e w  m e d i a  a t  d i f f e r e n t  t i m e s  o f  y e a r .  I n  a l l  
c a s e s  t h e  p r o p o r t i o n  o f  a n t i b i o t i c  p o s i t i v e  i s o l a t e s  w a s  i m p r o v e d  
c o m p a r e d  w i t h  t h a t  o n  t h e  c o n t r o l  m e d i a .
T a b l e  7 .6  P r o p o r t i o n  o f  A n t i b i o t i c - P r o d u c i n g  I s o l a t e s  o n  t h e  
N e w  M e d i a
M e d i u m F e b r u a r y
% P o s i t i v e  
J u n e S e p t e m b e r
M 3  c o n t r o l 0 ( 1 4 ) 7 . 6 ( 3 9 ) 5 . 2 ( 1 9 )
1  M 3  a s p g 3 5 . 7 ( 1 4 ) 2 7 . 7 ( 3 6 ) 3 3 . 3 ( 2 1 )
2  M 3  p r o l 9 . 1 ( 1 1 ) 4 1 . 2 ( 3 4 ) 2 6 . 3 ( 1 9 )
3  P r o l i n e 2 5 . 0 ( 1 7 ) 2 3 . 1 ( 1 3 ) 2 2 . 2 ( 1 8 )
4  H u m i c  A c i d 1 7 . 6 ( 1 7 ) - 1 5 . 0 ( 2 0 )
S t a r c h  C a s e i n - 6 .6 ( 1 5 ) 6 . 6 ( 1 5 )
N u m b e r s  i n  b r a c k e t s  r e f e r  t o  t h e  n u m b e r  o f  i s o l a t e s  t e s t e d
I n  F e b r u a r y ,  t h e  n u m b e r s  o f  a n t i b i o t i c  p r o d u c e r s  i s o l a t e d  
r a n g e d  f r o m  z e r o  o n  t h e  M 3  c o n t r o l  m e d iu m  t o  n e a r l y  3 6 %  o n  M e d iu m  
1  ( M 3  a s p a r a g i n e  m e d i u m ) .  I n  S e p t e m b e r ,  t h e  n u m b e r s  o f
a n t i b i o t i c - p r o d u c i n g  i s o l a t e s  i n c r e a s e d  b y  b e t w e e n  t h r e e  a n d  s i x  
t i m e s  o n  t h e  n e w  m e d i a  c o m p a r e d  t o  t h e  c o n t r o l  m e d i a .  H o w e v e r ,  
m o s t  s t r i k i n g  o f  a l l  w e r e  t h e  r e s u l t s  f r o m  t h e  J u n e  s a m p l e .  A t  
t h i s  t i m e  o f  y e a r  t h e  l a r g e  n u m b e r s  o f  e u b a c t e r i a  i s o l a t e d  h a d
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a l m o s t  o v e r w h e l m e d  t h e  a c t i n o m y c e t e  i s o l a t e s ,  h o w e v e r ,  t h e  
p r o p o r t i o n  o f  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s  r e c o v e r e d  o n  t h e  
n e w  m e d i a  w a s  n o n e t h e l e s s  i n c r e a s e d  b y  s o m e  f o u r  t o  s i x  t i m e s  
c o m p a r e d  t o  t h e  c o n t r o l  m e d i a .  T h i s  s h o w s  t h a t ,  e v e n  u n d e r  
s u b o p t i m a l  c o n d i t i o n s  f o r  t h e  r e c o v e r y  o f  a c t i n o m y c e t e s  r e l a t i v e  
t o  e u b a c t e r i a ,  t h e  n e w  m e d i a  w e r e  c a p a b l e  o f  r e t a i n i n g  t h e i r  
s e l e c t i v i t y  f o r  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s .
I n  s u m m a r y ,  t h e  n e w  m e d i a  s h o w e d  a  t r e n d  f o r  i m p r o v e m e n t  o f  
t h e  r a t i o  o f  b a c t e r i a  t o  a c t i n o m y c e t e s  c o m p a r e d  w i t h  t h e  c o n t r o l  
m e d i a .  ' S p e c i e s '  d i v e r s i t y  w a s  r e d u c e d  o n  t h e  n e w  m e d i a  c o m p a r e d  
t o  o n e  o f  t h e  c o n t r o l  m e d i a ,  h o w e v e r ,  t h e  n u m b e r  o f  a n t i b i o t i c -  
p r o d u c i n g  i s o l a t e s  w a s  d r a s t i c a l l y  i n c r e a s e d  o n  a l l  f o u r  o f  t h e  
n e w  m e d i a .
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8 .  M o d e l  S y s t e m s  f o r  t h e  S t u d y  o f  a  M i c r o b i a l  P o p u l a t i o n  f r o m
Soil
8 . 1  I n t r o d u c t i o n
S u b s t r a t e s  w h i c h  g i v e  a c t i n o m y c e t e s  a n  a d v a n t a g e  d u r i n g  
g r o w t h  m a y  b e  u s e d  i n  e n r i c h m e n t  s y s t e m s ,  a n  a r e a  w h i c h  h a s  b e e n  
n e g l e c t e d  f o r  t h i s  g r o u p  o f  o r g a n i s m s .  N u m e r o u s  p r e t r e a t m e n t s  
h a v e  b e e n  d e s c r i b e d  w h i c h  e n h a n c e  a c t i n o m y c e t e  r e c o v e r y .  T h e s e  
a r e  b a s e d  u p o n  t h e  d i f f e r e n t i a l  s e n s i t i v i t y  o f  t h e  p a r t i c u l a r  
m e m b e r s  o f  n a t u r a l  p o p u l a t i o n s  t o  p h y s i c a l  t r e a t m e n t s  ( e g .  h e a t -  
t r e a t m e n t ,  a i r - d r y i n g ) .  T h e y  d o  n o t  i n v o l v e  g r o w t h  o f  t h e  
o r g a n i s m s .  T h e  o n l y  p o s i t i v e  e n r i c h m e n t s  ( i e .  t h o s e  i n v o l v i n g  
g r o w t h )  f o r  a c t i n o m y c e t e s  h a v e  i n v o l v e d  b a i t i n g  u s i n g  s o l i d  
s u b s t r a t e s  s u c h  a s  p a r a f f i n ,  p o l l e n ,  a n d  c h i t i n .  E n r i c h m e n t  o f  
a c t i n o m y c e t e s  i n  l i q u i d  s y s t e m s  h a s  b e e n  a v o i d e d  i n  t h e  c a s e  o f  
a c t i n o m y c e t e s ,  p e r h a p s  b e c a u s e  o f  t h e  c o m m o n  m i s c o n c e p t i o n  t h a t  
a c t i n o m y c e t e s  p r e f e r  d r y  e n v i r o n m e n t s .  A c t i n o m y c e t e  p r o p a g u l e s  
a r e  a d a p t e d  f o r  s u r v i v a l  i n  d r y  e n v i r o n m e n t s ,  a s  a  r e s u l t  t h e y  
o f t e n  c o n s t i t u t e  a  g r e a t e r  p r o p o r t i o n  o f  t h e  c o l o n i e s  o n  
i s o l a t i o n  p l a t e s  f r o m  d r y  s o i l .  H o w e v e r ,  a s  w i t h  o t h e r  
m i c r o o r g a n i s m s  o p t i m u m  g r o w t h  w i l l  n o t  o c c u r  u n d e r  d r y  c o n d i t i o n s  
( W i l l i a m s  e t  a l . ,  1 9 8 4 ) .  I t  h a s  b e e n  s h o w n  t h a t  s o m e  s o i l
s t r e p t o m y c e t e s  a r e  c a p a b l e  o f  g r o w t h  o n  m e d i a  w i t h  h i g h  m o i s t u r e  
p o t e n t i a l s  ( K l e v e n s k a y a ,  1 9 6 0 ) ,  h o w e v e r ,  x e r o p h y t i c  a c t i n o m y c e t e s  
h a v e  n o t  b e e n  r e p o r t e d .  I t  i s  p o s s i b l e  t h a t  l i q u i d  e n r i c h m e n t s  
h a v e  n o t  b e e n  u s e d  s i m p l y  b e c a u s e ,  i n  t h e  p a s t ,  s u i t a b l y  
s e l e c t i v e  s u b s t r a t e s  h a v e  n o t  b e e n  f o u n d  f o r  t h e  e l e c t i v e  c u l t u r e  
o f  t h e s e  o r g a n i s m s  w h i c h  t e n d  t o  b e  g r e a t l y  o u t - n u m b e r e d  b y  
f a s t e r - g r o w i n g  b a c t e r i a  i n  n a t u r a l  e n v i r o n m e n t s .  I t  i s  p o s s i b l e  
t h a t  e n r i c h m e n t  o f  a c t i n o m y c e t e s  f r o m  s o i l  m a y  b e  a c h i e v e d  u s i n g  
c a r e f u l l y  d e s i g n e d  e n r i c h m e n t  t e c h n i q u e s  a n d  m u l t i s t a g e  
e n r i c h m e n t s .  I d e a l l y ,  a  h i g h  d e g r e e  o f  s e l e c t i v i t y  m i g h t  b e  
a c h i e v e d  w i t h o u t  t h e  u s e  o f  a n t i b i o t i c s  a n d  w i t h o u t  t h e  l o s s  o f  a  
l a r g e  p r o p o r t i o n  o f  t h e  a n t i b i o t i c - p r o d u c i n g  p o p u l a t i o n .
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A  l i q u i d  s y s t e m  ( s u c h  a s  a  s t i r r e d  t a n k  r e a c t o r )  i s  u n l i k e l y  
t o  p r o v i d e  a  s u i t a b l e  e n r i c h m e n t  s y s t e m  f o r  a n t i b i o t i c - p r o d u c i n g  
a c t i n o m y c e t e s .  H o w e v e r ,  a  h e t e r o g e n e o u s  e n v i r o n m e n t ,  p e r i o d i c a l l y  
t r e a t e d  w i t h  l i q u i d  m e d i a ,  m a y  b e  u s e f u l .  S u c h  a  s y s t e m  w o u l d  
p r o v i d e  a  c o n v e n i e n t  e n v i r o n m e n t  f o r  t h e  a p p l i c a t i o n  o f  
s u b s t r a t e s  s e l e c t i v e  f o r  a c t i n o m y c e t e s  a n d  a n t i b i o t i c - p r o d u c i n g  
a c t i n o m y c e t e s  i n  a  m u l t i - s t a g e  m a n n e r .
I t  w a s  p r o p o s e d  t h a t  p e r c o l a t i n g  s o i l  c o l u m n s  t r e a t e d  w i t h  
m e d i a  t o  p r o v i d e  a  r a n g e  o f  n u t r i e n t  l i m i t a t i o n s  w o u l d  b e  u s e d  t o  
e x a m i n e  s o i l s  f o r
( a )  a n t i b i o t i c  b i o s y n t h e s i s
( b )  m i c r o b i a l  p o p u l a t i o n s
( c )  m i c r o b i a l  a c t i v i t y
8 . 2  M a t e r i a l s  a n d  M e t h o d s
8 . 2 . 1  D e s i g n  o f  p e r c o l a t i n g  c o l u m n
S e v e r a l  p e r c o l a t i n g  s y s t e m s  w e r e  t e s t e d .  G o o d  a e r a t i o n  o f  
t h e  m e d iu m  w a s  i m p o r t a n t ,  a s  w e r e  a i r  s p a c e s  i n  t h e  s o i l  c o l u m n  
b e c a u s e  s t r e p t o m y c e t e s  a r e  a e r o b i c  o r g a n i s m s .  P e r i o d s  o f  r e d u c e d  
o x y g e n  t e n s i o n  i n  t h e  c o l u m n  w o u l d  s e l e c t  a g a i n s t  t h e  d e s i r e d  
o r g a n i s m s .  A  5 0 : 5 0  s o i l : g l a s s  b e a d  m i x t u r e  w a s  u s e d  t o  p a c k  t h e  
c o l u m n  ( g l a s s  b e a d s  2 mm d i a m e t e r ) ,  t h i s  h e l p e d  t o  s u p p o r t  t h e  
s o i l  a n d  p r o v i d e d  a i r  s p a c e s  i n  t h e  c o l u m n .  U s i n g  a n  a i r - l i f t  
d e s i g n  t o  c i r c u l a t e  m e d i u m ,  i t  w a s  d i f f i c u l t  t o  a c h i e v e  l o w  f l o w  
r a t e s  a l t h o u g h  a e r a t i o n  o f  t h e  m e d iu m  w a s  g o o d .  S i n c e  v e r y  l o w  
f l o w  r a t e s  a r e  d e s i r a b l e ,  a  m o r e  c o n t r o l l a b l e  s y s t e m  n e e d e d  t o  b e  
f o u n d .  A  w a t e r - j a c k e t e d  c o l u m n  ( a l l o w i n g  a c c u r a t e  t e m p e r a t u r e  
c o n t r o l ) w i t h  a  s e p a r a t e  m e d iu m  r e s e r v o i r  a t t a c h e d  v i a  t u b i n g  a n d  
a  p e r i s t a l t i c  p u m p  w a s  c h o s e n  a s  t h e  b e s t  s y s t e m  ( F i g u r e  8 . 1 ) .  
A i r  w a s  s p a r g e d  i n t o  t h e  m e d iu m  i n  t h e  r e s e r v o i r .  R e c i r c u l a t i n g  
( F i g u r e  8 . 1 )  a n d  c o n t i n u o u s  f l o w  ( F i g u r e  8 . 2 )  d e s i g n s  w e r e  
t e s t e d .  T h e  c o n t i n u o u s  f l o w  s y s t e m  w o u l d  o f f e r  a  f i x e d  
e n v i r o n m e n t  f o r  t h e  s t u d y  o f  t h e  m i x e d  p o p u l a t i o n .  H o w e v e r ,  b y  
u s i n g  a  r e c i r c u l a t i n g  s y s t e m  i t  i s  p o s s i b l e  t h a t  a  s u c c e s s i o n  o f
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d i f f e r e n t  m i c r o b i a l  t y p e s  c o u l d  b e  d e m o n s t r a t e d  a s  t h e  n u t r i e n t s  
b e c o m e  d e p l e t e d ,  a l t h o u g h  t h i s  t y p e  o f  s y s t e m  w o u l d  b e  i n h e r e n t l y  
m o r e  c o m p l e x .
F i g u r e  8 . 1  P e r c o l a t i n g  c o l u m n :  
-  m e d iu m  r e c i r c u l a t e d
F i g u r e  8 . 2  
P e r c o l a t i n g  c o l u m n :  
-  c o n t i n u o u s  f l o w
8.2.2 Soil
A g r i c u l t u r a l  s o i l  f r o m  P u t t e n h a m  w a s  u s e d  t h r o u g h o u t  ( s e e  
S e c t i o n  2 . 1 ) .  I t s  h o m o g e n e o u s  t e x t u r e  a n d  h i g h  s a n d  c o n t e n t  w e r e
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w e l l  s u i t e d  t o  t h e  s m o o th  r u n n i n g  o f  t h e  c o lu m n s .
8 . 2 . 3  M e a s u r e m e n t  o f  M i c r o b i a l  P o p u l a t i o n s
E u b a c t e r i a ,  a c t i n o m y c e t e s  a n d  f u n g i  w e r e  e n u m e r a t e d  b y  
d i l u t i o n  p l a t i n g  s o i l  c o l u m n  a n d  e f f l u e n t  s a m p l e s  o n t o  i s o l a t i o n  
m e d i a .  S o i l  s a m p l e s  f r o m  t h e  c o l u m n  w e r e  t a k e n  a s e p t i c a l l y  a n d  
w e i g h e d  i n  a  s t e r i l e  p e t r i  d i s h .  A  s o i l  s u s p e n s i o n  w a s  t h e n  m a d e  
i n  R i n g e r s  p l u s  0 . 0 1 %  T w e e n  8 0  ( w / v )  s u c h  t h a t  a  s u s p e n s i o n  
e q u i v a l e n t  t o  l g  o f  s o i l  i n  l O O m l s  d i l u e n t  w a s  o b t a i n e d .  T h i s  
s u s p e n s i o n  w a s  h o m o g e n i s e d  o n  a  w r i s t  a c t i o n  s h a k e r  f o r  2 0  
m i n u t e s  a n d  t h e n  d i l u t i o n  p l a t e d  i n  t h e  s a m e  w a y  a s  t h e  e f f l u e n t  
s a m p l e .  T h e  i s o l a t i o n  m e d i a  c h o s e n  w e r e  M 3  a n d  S t a r c h  C a s e i n  
s u p p l e m e n t e d  w i t h  c y c l o h e x i m i d e  a n d  n y s t a t i n  ( 5 0 j a g / m l )  f o r  t h e  
i s o l a t i o n  a n d  e n u m e r a t i o n  o f  a c t i n o m y c e t e s ;  n u t r i e n t  a g a r  f o r  
e u b a c t e r i a ;  a n d  C z a p e k  D o x  a g a r  ( O x o i d )  p l u s  c h l o r a m p h e n i c o l  
( l m g / m l ) f o r  f u n g i .
8 . 2 . 4  M e a s u r e m e n t  o f  M i c r o b i a l  A c t i v i t y
M i c r o b i a l  a c t i v i t y  w a s  a s s e s s e d  b y  m e a s u r i n g  c a r b o n  d i o x i d e  
o u t p u t  f r o m  t h e  s o i l  c o l u m n  ( u s i n g  a  c a r b o n  d i o x i d e  a n a l y s e r )  a n d  
b y  t h e  u s e  o f  f l u o r e s c e n t  s t a i n i n g  o f  m i c r o o r g a n i s m s  f r o m  t h e  
s o i l  c o l u m n  u s i n g  f l u o r e s c e i n  d i a c e t a t e  a n d  a c r i d i n e  o r a n g e  
( D o m s c h ,  1 9 7 9 ;  L u n g d r e n  1 9 8 1 ) .  F l u o r e s c e i n  d i a c e t a t e  i s  a  s t a i n  
f o r  m e t a b o l i c a l l y  a c t i v e  c e l l s  w h i l s t  a c r i d i n e  o r a n g e  a l s o  s t a i n s  
s p o r e s  a n d  o t h e r  n o n - a c t i v e  c e l l s .  B y  s t a i n i n g  a  s o i l  s u s p e n s i o n  
a n d  t h e n  f i l t e r i n g  a  k n o w n  v o l u m e  t h r o u g h  a  0 . 2 mm p o l y c a r b o n a t e  
n u c l e o p o r e  f i l t e r  ( M i l l i p o r e )  ( p r e v i o u s l y  d y e d  b l a c k  t o  r e d u c e  
a u t o f l u o r e s c e n c e  o f  t h e  f i l t e r  ( J o n e s  a n d  S i m o n ,  1 9 7 5 ) )  a  
d i f f e r e n t i a l  c o u n t  m a y  b e  o b t a i n e d  o f  t h e  n u m b e r s  o f  a c t i v e  a n d  
i n a c t i v e  c e l l s .  A  s t a i n i n g  t e c h n i q u e  u s i n g  f l u o r e s c e i n  d i a c e t a t e  
( S i g m a )  i n  a c e t o n e  a t  a  f i n a l  c o n c e n t r a t i o n  o f  l O p g / m l  a t  p H  8 . 5  
f o r  3  m i n u t e s  w a s  f o u n d  t o  b e  o p t i m a l .
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8 . 2 . 5  M e a s u r e m e n t  o f  A n t i b i o t i c  B i o s y n t h e s i s
A n t i b i o t i c  a c t i v i t y  o f  t h e  c o l u m n  e f f l u e n t  w a s  m e a s u r e d  
d i r e c t l y  u s i n g  t h e  c u p - p l a t e  a g a r  d i f f u s i o n  m e t h o d  ( s e e  S e c t i o n
2 . 3 ) .  5 0 u l  o f  c o l u m n  e f f l u e n t  w a s  l o a d e d  i n t o  w e l l s  a n d  t e s t e d  
f o r  a n t i - G r a m  p o s i t i v e  a c t i v i t y  a g a i n s t  S t a p h . a u r e u s  M B L 8 6 4 ,  
a n t i - G r a m  n e g a t i v e  a c t i v i t y  a g a i n s t  E . c o l i  M B L 1 6 6 1  a n d  f o r  t h e  
p r e s e n c e  o f  p - l a c t a m s  u s i n g  a  m u t a n t  s t r a i n  o f  E . c o l i  
s u p e r s e n s i t i v e  t o  j B - l a c t a m s .  T h e  c a p a b i l i t i e s  o f  t h e  a c t i n o m y c e t e  
i s o l a t e s  f o r  a n t i b i o t i c  b i o s y n t h e s i s  w e r e  a l s o  m e a s u r e d  
i n d i r e c t l y  a f t e r  i s o l a t i o n  u s i n g  t h e  a g a r  d r o p l e t  m e t h o d  ( S e c t i o n
2 . 3 )  a g a i n s t  t h e  a b o v e  c h a l l e n g e  o r g a n i s m s .
E x p e r i m e n t a l  d e s i g n  w i l l  b e  o u t l i n e d  i n  t h e  r e s u l t s  s e c t i o n  
t o  p r o v i d e  a  s u m m a r y  o f  t h e  s o i l  c o l u m n  w o r k .
8.3 Results and Discussion
8.3.1 Microbial Numbers
I n i t i a l  e x p e r i m e n t s  o n  t h e  p e r c o l a t i n g  c o l u m n s  u t i l i s e d  a  
d e s i g n  w i t h  n o  s a m p l i n g  p o r t s  o n  t h e  s o i l  c o l u m n  i t s e l f .  
I s o l a t i o n  o f  o r g a n i s m s  c o u l d  o n l y  b e  m a d e  f r o m  t h e  c o l u m n  
p e r f u s a t e .  P l a t i n g  o f  a p p r o p r i a t e  d i l u t i o n s  o f  p e r f u s a t e  o n t o  
m e d i a  s e l e c t i v e  f o r  a c t i n o m y c e t e s  r e v e a l e d  a  p o p u l a t i o n  o f  1 0 ^  
b a c t e r i a  p e r  m l  b u t  n o  a c t i n o m y c e t e s  w e r e  d e t e c t e d .  I t  w a s  
i n i t i a l l y  b e l i e v e d  t h a t  t h i s  r e s u l t  w a s  d u e  t o  t h e  f a c t  t h a t  t h e  
n u t r i e n t  m e d i a  u s e d  f o r  p e r f u s i n g  t h e  c o l u m n s  w e r e  t o o  h i g h  i n  
c a r b o n  ( g l u c o s e )  a l l o w i n g  t h e  g r o s s  p r o l i f e r a t i o n  o f  b a c t e r i a  a n d  
r e n d e r i n g  a c t i n o m y c e t e s  u n d e t e c t a b l e .  H o w e v e r ,  t h e  s a m e  r e s u l t  
w a s  f o u n d  w i t h  a  r a n g e  o f  g l u c o s e  c o n c e n t r a t i o n s  f r o m  2 0 g / l  t o
0 . 1 g / l  a n d  a  f l o w  r a t e  o f  1 1 . 4 m l s  p e r  h o u r .  A l t h o u g h  t h i s  l a t t e r  
c o n c e n t r a t i o n  i s  s t i l l  q u i t e  c a r b o n  r i c h  c o m p a r e d  t o  t h e  n a t u r a l  
s o i l  e n v i r o n m e n t ,  i t  i s  l i k e l y  t h a t  t h e  d e t e c t i o n  m e t h o d  w a s  a t  
f a u l t .  I f  a c t i n o m y c e t e s  a r e  o u t n u m b e r e d  b y  m o r e  t h a n  a  f a c t o r  o f  
o n e  h u n d r e d  t h e y  w i l l  n o t  b e  d e t e c t e d  b y  t h e  d i l u t i o n  p l a t e  
m e t h o d  e v e n  t h o u g h  s u b s t a n t i a l  n u m b e r s  m a y  b e  p r e s e n t .
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I n  s u b s e q u e n t  e x p e r i m e n t s  t h e  s o i l  c o l u m n s  w e r e  p e r f u s e d  
w i t h  w a t e r  o n l y  a n d  s a m p l i n g  p o r t s  w e r e  i n t r o d u c e d  i n t o  t h e  
c o l u m n s  e n a b l i n g  s o i l  s a m p l e s  t o  b e  r e m o v e d .  A g a i n  b a c t e r i a  o n l y  
w e r e  f o u n d  i n  t h e  p e r f u s a t e ,  h o w e v e r  a  p o p u l a t i o n  o f  1 0 8 
a c t i n o m y c e t e s  p e r  m l  p l u s  1 0 7  b a c t e r i a  p e r  m l  w a s  m a i n t a i n e d  p e r  
g r a m  s o i l  f r o m  t h e  s o i l  c o l u m n  o v e r  a  1 4  d a y  s a m p l i n g  p e r i o d .  
T h i s  w a s  c o m p a r a b l e  t o  t h e  o r i g i n a l  n u m b e r  o f  a c t i n o m y c e t e s  a n d  
b a c t e r i a  i n  t h e  a g r i c u l t u r a l  s o i l .
T h e  f a c t  t h a t  n o  a c t i n o m y c e t e s  w e r e  d e t e c t e d  i n  t h e  c o l u m n  
e f f l u e n t  s u g g e s t s  t h a t  t h e  m a j o r i t y  w e r e  f i r m l y  a t t a c h e d  t o  t h e  
s o i l  a g g r e g a t e s / g l a s s  b e a d s  i n  t h e  c o l u m n .  A c t i n o m y c e t e s  i n  
m y c e l i a l  f o r m  w o u l d  b e  w e l l  a d a p t e d  t o  d o  t h i s .  A l s o ,  
a c t i n o m y c e t e s  p r o d u c e  n o n - w e t t a b l e  s p o r e s  w h i c h  w i l l  t e n d  n o t  t o  
b e  w a s h e d  o f f  s u r f a c e s  b y  p e r c o l a t i n g  m e d i u m .  A  s u r f a c e  a c t i v e  
a g e n t  c o u l d  b e  f l u s h e d  t h r o u g h  t h e  c o l u m n  a t  t h e  e n d  o f  a n  
e x p e r i m e n t  t o  t e s t  w h e t h e r  a c t i n o m y c e t e s  a r e  p r e d o m i n a n t l y  
p r e s e n t  a s  m y c e l i a  o r  s p o r e s .  S c a n n i n g  e l e c t r o n  m i c r o s c o p y  m a y  
a l s o  b e  u s e f u l  f o r  s t u d y i n g  t h e  f o r m  o f  a c t i n o m y c t e s  i n  s o i l  
c o l u m n s .
T h e  a p p a r e n t  a b i l i t y  o f  t h e  s o i l  c o l u m n  t o  r e t a i n  
a c t i n o m y c e t e s  w h i l s t  f l u s h i n g  o u t  b a c t e r i a  w a s  u t i l i s e d  i n  a  
c o n t i n u o u s  f l o w  a d a p t i o n ,  h o w e v e r ,  s i m i l a r  n u m b e r s  o f  
a c t i n o m y c e t e s  t o  b a c t e r i a  w e r e  m a i n t a i n e d  i n  t h e  c o l u m n  a n d  t h e  
e f f l u e n t  a s  b e f o r e .
8.3.2 Effect of pH of percolating medium
E x p e r i m e n t s  w e r e  c a r r i e d  o u t  t o  d e t e r m i n e  t h e  e f f e c t  o f  p H  
o n  t h e  m i c r o b i a l  c o n t e n t  o f  t h e  s o i l  c o l u m n s .  T h r e e  s o i l  c o l u m n s  
w e r e  s e t  u p  a n d  w a t e r  a d j u s t e d  t o  p H  6 . 5 ,  8 . 5  a n d  1 0  w a s
p e r c o l a t e d  t h r o u g h  t h e  c o l u m n  a t  a  f l o w  r a t e  o f  1 1 . 4 m l s  p e r  h o u r .  
A l k a l i n e  p H  h a s  b e e n  s u g g e s t e d  f o r  t h e  s e l e c t i o n  o f  a c t i n o m y c e t e s  
a n d  i t  w a s  h o p e d  t h a t  a c t i n o m y c e t e s  w o u l d  b e  f a v o u r e d  u n d e r  t h e s e  
c o n d i t i o n s .  T h e  p H  v a l u e s  c h o s e n  a n d  t h e  f l o w  r a t e  w e r e  k n o w n  t o  
b e  q u i t e  e x t r e m e  b u t  t h e  g e n e r a l  c o n d i t i o n s  w e r e  t h o u g h t  t o  b e
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a p p r o p r i a t e  f o r  a  p r e l i m i n a r y  e x p e r i m e n t .
T h e  p H  i n  a l l  t h r e e  c o l u m n s  s t a b i l i s e d  t o  8 . 5  a f t e r  2 4 h r s .  
T h i s  i s  d u e  t o  t h e  p r e s e n c e  o f  a  l a r g e  s o i l  m a s s  w h i c h  w o u l d  h a v e  
a  b u f f e r i n g  e f f e c t  o n  i n c o m i n g  m e d i u m .  M e d i u m  w o u l d  n e e d  t o  b e  
b u f f e r e d ,  r e c i r c u l a t e d  a n d  c o n t i n u o u s l y  a d j u s t e d ,  e v e n  t h e n  i t  
m a y  b e  s o m e  t i m e  b e f o r e  a  r e a l  a d j u s t m e n t  i n  p H  o f  t h e  s o i l  m a y  
b e  o b t a i n e d .  I n  a  r e c i r c u l a t i n g  d e s i g n ,  a c i d  p r o d u c t s  w i l l  b e  
r e c i r c u l a t e d ,  c o u n t e r a c t i n g  t h e  e f f e c t  o f  a l k a l i  a d d i t i o n .  I t  w a s  
r e a l i s e d  t h a t  i t  m a y  n o t  b e  t e c h n i c a l l y  f e a s i b l e  t o  s t u d y  t h e  
e f f e c t  o f  l a r g e  c h a n g e s  i n  p H  i n  t h e  p r e s e n c e  o f  s o i l .  H o w e v e r ,  
i t  m a y  b e  p o s s i b l e  t o  u s e  a  m u c h  s m a l l e r  v o l u m e  o f  s o i l  i n  t h e  
c o l u m n s  o r ,  t a k i n g  t h i s  t o  t h e  e x t r e m e ,  t o  s t u d y  a n  a r t i f i c i a l  
s o i l  p o p u l a t i o n  a t t a c h e d  t o  a n  i n e r t  s u p p o r t  s u c h  a s  s a n d ,  g l a s s  
b e a d s  o r  c e l i t e .
8.3.3 Effect of phosphate and ammonia
F o u r  c o n t i n u o u s  f l o w  s o i l  p e r f u s i o n  c o l u m n s  w e r e  s e t  u p .  A l l  
o f  t h e m  w e r e  p e r f u s e d  w i t h  s o l u t i o n s  c o n t a i n i n g  n o  a d d e d  c a r b o n  
s o  t h a t  t h e y  w o u l d  q u i c k l y  b e c o m e  c a r b o n  l i m i t e d .  F u r t h e r  
n u t r i e n t  l i m i t a t i o n s  w e r e  a s  f o l l o w s :
C o l u m n  1 :  P e r f u s e d  w i t h  w a t e r  o n l y
C o l u m n  2 :  P h o s p h a t e  l i m i t e d  ( O g  P O 4 / I ) ,  A m m o n ia  e x c e s s  ( 1 . 8 g / l )  
C o l u m n  3 :  A m m o n ia  a n d  P h o s p h a t e  e x c e s s  ( 1 . 8 g  N H 4 / I ,  l O g  P O 4 / I )  
C o l u m n  4 :  A m m o n ia  l i m i t e d  ( O g  N H 4 / I ) ,  P h o s p h a t e  e x c e s s  ( l O g  P O 4 / I )  
N o  o t h e r  n u t r i e n t s  w e r e  a d d e d .
T h e  p H  o f  t h e  l i q u i d  m e d i a  w a s  a d j u s t e d  t o  7 . 2  ( t h e  s a m e  a s  
t h a t  o f  t h e  a g r i c u l t u r a l  s o i l  s a m p l e )  a n d  r e m a i n e d  s t a b l e  f o r  t h e  
d u r a t i o n  o f  t h e  1 4  d a y  e x p e r i m e n t .
S e v e r a l  t e c h n i c a l  p r o b l e m s  w e r e  e n c o u n t e r e d  d u r i n g  t h i s  
e x p e r i m e n t .  I n  c o l u m n  1 ,  s o i l  w a s  w a s h e d  o u t  d u e  t o  b r e a k  d o w n  o f  
s o i l  a g g r e g a t e s  a n d  a c t i n o m y c e t e s  w e r e  d e t e c t e d  i n  t h e  e f f l u e n t  
f o r  t h e  f i r s t  t i m e .  B r e a k  d o w n  o f  t h e  s o i l  c r u m b  s t r u c t u r e  l e a d s
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t o  c l o s e  p a c k i n g  o f  t h e  c o l u m n  c o n t e n t s  a n d  e v e n t u a l l y  t o  
d i s r u p t i o n  o f  d o w n w a r d  f l o w  ( d e s p i t e  t h e  h i g h  s a n d  c o n t e n t  o f  t h e  
s o i l  a n d  t h e  p r e s e n c e  o f  g l a s s  b e a d s ) .
T h e  e f f l u e n t  f r o m  c o l u m n  2  w a s  o f  a  p a l e  s t r a w  c o l o u r  
w h e r e a s  t h e  l i q u i d  f r o m  t h e  t w o  p h o s p h a t e  c o n t a i n i n g  c o l u m n s  w a s  
d a r k  b r o w n  a n d  c l e a r  ( i e .  u n l i k e  s o i l  w a s h o u t  i n  C o l u m n  1 ) .  T h i s  
b r o w n  c o l o r a t i o n  w a s  b e l i e v e d  t o  b e  d u e  t o  p h o s p h a t e  f i x i n g  a n d  
w a s h i n g  o u t  i r o n  f r o m  t h e  s o i l .
S u c h  e f f e c t s  m a k e  i t  v e r y  d i f f i c u l t  t o  c o n t r o l  e x p e r i m e n t s  
a d e q u a t e l y ,  t h e r e f o r e  i t  i s  v e r y  d i f f i c u l t  t o  d r a w  c o n c l u s i o n s  a s  
t o  t h e  e f f e c t  o f  n u t r i e n t  l i m i t a t i o n s  s i n c e  t h e  p r e s e n c e  o r  
a b s e n c e  o f  a  n u t r i e n t  m a y  h a v e  c o n s e q u e n t i a l  e f f e c t s .  H o w e v e r ,  
i s o l a t e s  f r o m  a  1 4  d a y  s a m p l i n g  p e r i o d  w e r e  t a b l e - t o p  g r o u p e d .  
T h e  i s o l a t e s  f r o m  t h e  r a w  a g r i c u l t u r a l  s o i l  h a d  p r e v i o u s l y  
p r o d u c e d  i s o l a t e s  o f  1 4  d i s t i n c t  c o l o u r  g r o u p i n g s .  T h e  i s o l a t e s  
f r o m  t h e  s o i l  c o l u m n s ,  h o w e v e r ,  s h o w e d  s u c h  d i v e r s i t y  i n  c o l o u r  
c h a r a c t e r s  t h a t  i t  w a s  h a r d l y  p o s s i b l e  t o  g r o u p  t h e m .  S i x  g r o u p s  
w e r e  f o r m e d  c o n t a i n i n g  o n l y  3 6  o f  t h e  t o t a l  1 6 7  i s o l a t e s .  N o  
p a t t e r n  c o u l d  b e  s e e n  b e t w e e n  t h e  g r o u p i n g s  a n d  t h e  t r e a t m e n t s .  
S u c h  d i v e r s i t y  w a s  u n e x p e c t e d  a s  o n e  w o u l d  e x p e c t  a  d e c r e a s e  i n  
s p e c i e s  d i v e r s i t y  u n d e r  s t r e s s e d  c o n d i t i o n s .  T h i s  r e s u l t  s h o w s  
t h a t  t h e  c o l u m n  p o p u l a t i o n s  w e r e  n o t  u n d e r  e x c e s s i v e  
p h y s i o c h e m i c a l  s t r e s s ,  d e s p i t e  t h e  h i g h  f l o w  r a t e s  o f  l i q u i d  
m e d i a  p a s s i n g  t h r o u g h  t h e  c o l u m n s .  B o t h  t h e  p r o t e c t i v e  p r o p e r t i e s  
o f  s o i l  a n d  t h e  i n i t i a l  s p e c i e s  d i v e r s i t y  o f  t h e  s o i l  p o p u l a t i o n  
c l e a r l y  p r o v i d e  a  g r e a t  d e a l  o f  s t a b i l i t y .  I t  i s  a l s o  p o s s i b l e  
t h a t  t h e  a c t i n o m y c e t e  i s o l a t e s  o r i g i n a t e d  f r o m  s p o r e s  w h i c h  w e r e  
i n a c t i v e  a n d  u n a f f e c t e d  b y  t h e  e x t r e m e  c o n d i t i o n s  a p p l i e d  t o  t h e  
c o l u m n s  ( t h i s  i s  l i k e l y  s i n c e  t h e  c o l u m n s  w e r e  c a r b o n  l i m i t e d ) .  
T h e  s t a t e  o f  a c t i v i t y  o f  t h e  a c t i n o m y c e t e s  i n  t h e  c o l u m n  c o u l d  b e  
i n v e s t i g a t e d  u s i n g  t h e  f l u o r e s c e n t  s t a i n i n g  t e c h n i q u e s  d e s c r i b e d  
i n  S e c t i o n  8 . 2 . 4 .
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R e g a r d l e s s  o f  w h e t h e r  a c t i n o m y c e t e s  w e r e  m e r e l y  p r e s e n t  a s  
i n a c t i v e  s p o r e s ,  t h e  s o i l  c o l u m n s  h a v e  p r o v e d  u s e f u l  f o r  t h e  
i s o l a t i o n  o f  d i v e r s e  t y p e s  o f  a c t i n o m y c e t e s  t h a t  w o u l d  n o t  h a v e  
b e e n  p o s s i b l e  u s i n g  c o n v e n t i o n a l  t e c h n i q u e s .  H o w e v e r ,  d u e  t o  t h e  
c o m p l e x i t y  o f  t h e  s y s t e m  i t s  u s e  a s  a  s t u d y  t o o l  i s  s e v e r e l y  
l i m i t e d .
A  s i m p l i f i e d  p e r c o l a t i n g  c o l u m n ,  c o n t a i n i n g  n o  s o i l  b u t  o n l y  
a n  i n e r t  s u p p o r t ,  m a y  b e  u s e f u l .  M i c r o o r g a n i s m s  c o u l d  b e  
i n t r o d u c e d  u s i n g  a  w e a k  s o i l  i n o c u l u m .  A l t e r n a t i v e l y ,  a  m o d e l  
p o p u l a t i o n ,  s u c h  a s  t h e  w e l l  c h a r a c t e r i s e d  i s o l a t e s  u s e d  i n  t h e  
n u t r i t i o n a l  a n d  p h y s i o l o g i c a l  s t u d y  d e s c r i b e d  i n  S e c t i o n  4 ,  c o u l d  
b e  e m p l o y e d .  A  m o d e l  p o p u l a t i o n  m i g h t  b e  b u i l t  u p  b y  a d d i t i o n  o f  
o r g a n i s m s  o n e  b y  o n e  s o  t h a t  t h e  e f f e c t  o f  t h e  i n c l u s i o n  o f  a  n e w  
m e m b e r  u n d e r  v a r i o u s  n u t r i e n t  c o n d i t i o n s  c o u l d  b e  s y s t e m a t i c a l l y  
s t u d i e d .
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9 .  G e n e r a l  D i s c u s s i o n  a n d  C o n c lu s i o n s
I n  t h i s  w o r k  a n  i n v e s t i g a t i o n  h a s  b e e n  m a d e  o f  t h e  e x t e n t  t o  
w h i c h  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s  c o u l d  b e  s e l e c t i v e l y  
i s o l a t e d  f r o m  t h e  s o i l  p o p u l a t i o n  w i t h o u t  t h e  u s e  o f  
a n t i b a c t e r i a l  a n t i b i o t i c s  o r  i n h i b i t o r s .  M e d i a  d e s i g n  w a s  b a s e d  
o n  n u t r i t i o n a l  a n d  p h y s i o l o g i c a l  p a r a m e t e r s  o n l y .  T h a t  i s ,  b y  t h e  
u s e  o f  p o s i t i v e  s e l e c t i o n ,  t h r o u g h  g r o w t h ,  r a t h e r  t h a n  n e g a t i v e  
s e l e c t i o n  o r  t h e  i n h i b i t i o n  o f  u n w a n t e d  s t r a i n s .  S u b s t r a t e s  w h i c h  
g i v e  a c t i n o m y c e t e s  a n  a d v a n t a g e  d u r i n g  g r o w t h  m a y  b e  u s e d  i n  
e n r i c h m e n t  s y s t e m s ,  a n  a r e a  w h i c h  h a s  b e e n  l a r g e l y  n e g l e c t e d  f o r  
t h i s  g r o u p  o f  o r g a n i s m s .
9.1 Sensitivity of Soil Isolates to Antibiotics
A n t i b i o t i c s  h a v e  f r e q u e n t l y  b e e n  u s e d  i n  o r d e r  t o  g a i n  
s e l e c t i v i t y  i n  i s o l a t i o n  m e d i a  f o r  r a r e  a c t i n o m y c e t e s .  T h i s  
a p p r o a c h  h a s  o f t e n  b e e n  a p p l i e d  w h e n  t a x o n o m i c  s t u d i e s  h a v e  f o u n d  
a  p a r t i c u l a r  g e n u s  o r  s p e c i e s  t o  b e  r e s i s t a n t  t o  c e r t a i n  
a n t i b i o t i c s .  I f  t h e s e  o r g a n i s m s  a r e  t o  b e  s c r e e n e d  f o r  a n t i b i o t i c  
s u b s t a n c e s ,  t h i s  a p p r o a c h  r e l i e s  o n  t h e  p r e s e n c e  o f  a n t i b i o t i c  
r e s i s t a n t / p r o d u c i n g  o r g a n i s m s .  I n  t h i s  s t u d y  i t  h a s  b e e n  f o u n d  
t h a t ,  i n  g e n e r a l ,  n o n - a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s  w e r e  
f a v o u r e d  w h e n  m e d i a  w e r e  s u p p l e m e n t e d  w i t h  t h e  e a c h  o f  t h e  n i n e  
a n t i b i o t i c s  t e s t e d .  O n l y  a t  s e l e c t e d  c o n c e n t r a t i o n s  o f  
e r y t h r o m y c i n  a n d  r i f a m p i c i n  w e r e  t h e  n i n e t e e n  ' a n t i b i o t i c -  
p r o d u c e r s '  u s e d  i n  t h i s  s t u d y  f a v o u r e d .
9.2 Multivariate Analysis of Physiological and Nutritional Test
Data on Soil Microorganisms
P r i n c i p a l  c o m p o n e n t s  a n a l y s i s  a n d  c l u s t e r  a n a l y s i s  o f  
p h y s i o l o g i c a l  a n d  n u t r i t i o n a l  d a t a  o n  a  p o p u l a t i o n  o f  s o i l  
m i c r o o r g a n i s m s  w a s  s u c c e s s f u l  i n  i d e n t i f y i n g  s u b - p o p u l a t i o n s  ( o r  
c l u s t e r s )  o f  a c t i n o m y c e t e s ,  e u b a c t e r i a  a n d  f u n g i .  F u r t h e r m o r e ,  
c l u s t e r s  o f  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s  c o u l d  b e  
i d e n t i f i e d  a l t h o u g h  i n f o r m a t i o n  c o n c e r n i n g  a n t i b i o t i c  p r o d u c t i o n
1 3 1
p e r  s e  h a d  n o t  b e e n  i n c l u d e d  i n  t h e  d a t a b a s e .  T h i s  i s  a n  
i n d i c a t i o n  t h a t  t h e  d i f f e r e n t  g r o u p s  o f  o r g a n i s m s  f o r m  
p h y s i o l o g i c a l l y  /  n u t r i t i o n a l l y  d i s t i n c t  g r o u p s  w h i c h  m a y  b e  
s e p a r a t e d  f r o m  e a c h  o t h e r  o n  t h e  b a s i s  o f  p h y s i o l o g i c a l  a n d / o r  
n u t r i t i o n a l  d i f f e r e n c e s .
D i s c r i m i n a n t  a n a l y s i s  w a s  u s e d  t o  i d e n t i f y  p h y s i o l o g i c a l  a n d  
n u t r i t i o n a l  p a r a m e t e r s  w h i c h  m a y  b e  u s e d  f i r s t l y ,  f o r  t h e  
s e l e c t i o n  o f  a c t i n o m y c e t e s  r e l a t i v e  t o  e u b a c t e r i a ,  a n d ,  s e c o n d l y ,  
f o r  t h e  s e l e c t i o n  o f  ' a n t i b i o t i c - p r o d u c i n g 1 s t r a i n s  f r o m  t h e  
a c t i n o m y c e t e  p o p u l a t i o n .  T h e s e  p a r a m e t e r s  c o u l d  t h e n  b e  a p p l i e d  
t o  t h e  d e s i g n  o f  c u l t u r e  m e d i a  f o r  t h e  s e l e c t i v e  i s o l a t i o n  o f  
a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s  f r o m  s o i l  e n v i r o n m e n t s .
A n  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  u s i n g  a  c o n t i n u o u s  g r o w t h  
m e a s u r e m e n t  ( c o l o n y  e x p a n s i o n  a f t e r  1 4  d a y  i n c u b a t i o n  p e r i o d )  
c o m p a r e d  t o  t h e  u s e  o f  b i n a r y  d a t a  i n  t h e  a b o v e  a n a l y s e s  w a s  
m a d e .  T h e  u s e  o f  b i n a r y  d a t a  ( g r o w t h  o r  n o  g r o w t h )  h a s  b e e n  
w i d e s p r e a d  i n  b o t h  n u m e r i c a l  t a x o n o m i c  a n d  e c o l o g i c a l  s t u d i e s .  
H o w e v e r ,  w h e n  b i n a r y  d a t a  a r e  c o l l a t e d ,  a  l a r g e  a m o u n t  o f  
i n f o r m a t i o n  c o n c e r n i n g  t h e  g r o w t h  o f  t h e  o r g a n i s m s  i s  n o t  
i n c l u d e d .  T h e  u s e  o f  b i n a r y  d a t a  f o r  c l u s t e r  a n a l y s i s  w a s  f o u n d  
t o  l e a d  t o  t h e  m o s t  c l e a r c u t  s e p a r a t i o n  o f  t h e  o r g a n i s m s  i n t o  
g r o u p s ,  w h e r e a s ,  t h e  u s e  o f  c o n t i n u o u s  d a t a  f o r  b o t h  c l u s t e r  
a n a l y s i s  a n d  p r i n c i p a l  c o m p o n e n t s  a n a l y s i s  . c o m p l i c a t e d  t h e  
o u t p u t .  T h i s  i m p l i e s  t h a t ,  a l t h o u g h  c o n t i n u o u s  d a t a  c o n t a i n  m o r e  
i n f o r m a t i o n  c o n c e r n i n g  t h e  g r o w t h  r e s p o n s e s  o f  t h e  o r g a n i s m s  t o  
t h e  t e s t s ,  t h e y  a r e  n o t  h e l p f u l  i n  l e a d i n g  t o  t h e  s e p a r a t i o n  o f  
t h e  o r g a n i s m s  i n t o  g r o u p s .  W h e n  d i s c r i m i n a n t  a n a l y s i s  w a s  c a r r i e d  
o u t ,  w h e r e  o n l y  t h e  m o s t  e f f e c t i v e  d i s c r i m i n a t i n g  v a r i a b l e s  a r e  
u s e d  ( b e  t h e y  b i n a r y  o r  c o n t i n u o u s  m e a s u r e m e n t s )  b o t h  b i n a r y  a n d  
c o n t i n u o u s  d a t a  w e r e  u s e f u l  i n  d i s c r i m i n a t i n g  b e t w e e n  g r o u p s  o f  
o r g a n i s m s .  I n d e e d ,  t h e  u s e  o f  c o n t i n u o u s  d a t a  a l l o w e d  f u r t h e r  
r e c o m m e n d a t i o n s  t o  b e  m a d e  t h a n  w i t h  t h e  u s e  o f  b i n a r y  d a t a  
a l o n e .  F u r t h e r m o r e ,  f o r  t h e  d i s c r i m i n a t i o n  o f  ' a n t i b i o t i c -  
p r o d u c e r s 1 f r o m  ' n o n - p r o d u c e r s ' ,  c o n t i n u o u s  d a t a  w e r e  m o r e  
e f f e c t i v e  t h a n  b i n a r y  d a t a  ( t h e  n u m b e r  o f  c o r r e c t l y  c l a s s i f i e d
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c a s e s  w a s  f o u n d  t o  b e  h i g h e r  t h a n  w i t h  t h e  u s e  o f  b i n a r y  d a t a ) .  
H o w e v e r ,  g r e a t  c a r e  n e e d s  t o  b e  t a k e n  i n  t h e  i n t e r p r e t a t i o n  o f  
r e s u l t s  d e r i v e d  f r o m  c o n t i n u o u s  d a t a .  I n  p a r t i c u l a r ,  t h e  
c o m p a t i b i l i t y  o f  t h e  m e a s u r e m e n t  m u s t  b e  q u e s t i o n e d  w h e n  m a k i n g  
c o m p a r i s o n s  b e t w e e n  d i f f e r e n t  g r o u p s  o f  o r g a n i s m s .  C o n t i n u o u s  
d a t a  a r e  a l s o  m o r e  p r o n e  t o  e r r o r s  t h a n  b i n a r y  d a t a .
T h e  m u l t i v a r i a t e  a n a l y s e s  u s e d  i n  t h i s  s t u d y  c o u l d  b e  
a p p l i e d  t o  o t h e r  s t a g e s  o f  t h e  s c r e e n i n g  p r o c e s s  s u c h  a s  t h e  
o p t i m i s a t i o n  o f  f e r m e n t a t i o n  m e d i a  f o r  t h e  p r o d u c t i o n  o f  
a n t i b i o t i c s .  A l s o ,  t h e  r e s u l t s  o f  a  n u m b e r  o f  a s s a y s  o n  
f e r m e n t a t i o n  b r o t h s  c o u l d  b e  s u b j e c t e d  t o  a n a l y s i s  i n  o r d e r  t o  
f i n g e r p r i n t  t h e  a c t i v i t y  o f  k n o w n  s u b s t a n c e s  a n d  a l s o  t o  c h o o s e  
t h e  b e s t  c o m b i n a t i o n  o f  t e s t s  o r  a s s a y s  w h i c h  i d e n t i f y ,  m o s t  
e f f e c t i v e l y ,  a  p a r t i c u l a r  a g e n t .  S t r a i n  i m p r o v e m e n t  p r o g r a m m e s  
c o u l d  a l s o  b e  d e v e l o p e d  u s i n g  s i m i l a r  m e t h o d s .  O p t i m i s a t i o n  o f  
t h e  w h o l e  s c r e e n i n g  p r o c e s s  c o u l d  b e  t h u s  a c h i e v e d .
9.3 Isolation Conditions for Actinomycetes Recommended by
Discriminant Analysis
F o r  t h e  s e l e c t i v e  i s o l a t i o n  o f  a c t i n o m y c e t e s  r e l a t i v e  t o  
e u b a c t e r i a ,  d i s c r i m i n a n t  a n a l y s i s  r e c o m m e n d e d  g l y c e r o l ,  g l u c o s e ,  
s t a r c h ,  m e t h a n o l ,  p r o l i n e ,  h u m i c  a c i d  ( 0 . 1 % ) ,  n i t r a t e  a n d  p H  7 . 7 -  
8 . 0 .  W h i l s t  c o b a l t  ( 0 . 0 5 % ) ,  v i t a m i n s ,  a s p a r t a t e  a n d  a c i d  p H  w e r e  
a m o n g  t h e  s u b s t r a t e s  w h i c h  w e r e  n o t  r e c o m m e n d e d .  S e v e r a l  o f  t h e s e  
s e l e c t i v e  s u b s t r a t e s  a r e  a l r e a d y  e m p l o y e d  i n  i s o l a t i o n  a n d  g r o w t h  
m e d i a  f o r  a c t i n o m y c e t e s  ( e g .  s t a r c h ,  g l y c e r o l  a n d  n i t r a t e ) .  T h i s  
o b s e r v a t i o n  g i v e s  c o n f i d e n c e  t o  t h e  f i n d i n g s  o f  d i s c r i m i n a n t  
a n a l y s i s .  T h e  u s e  o f  t h e s e  s u b s t r a t e s  w a s  d i s c u s s e d  i n  d e t a i l  i n  
S e c t i o n  4 . 3 . 5 .
A  s t u d y  o f  t h e  e f f e c t  o f  a p p l y i n g  t h e  f i v e  m a i n  s u b s t r a t e s  
r e c o m m e n d e d  b y  d i s c r i m i n a n t  a n a l y s i s  i n  d i f f e r i n g  c o m b i n a t i o n s  
i d e n t i f i e d  t w o  c o m b i n a t i o n s  w h i c h  h a d  a  s y n e r g i s t i c  e f f e c t  o n  
a c t i n o m y c e t e  r e c o v e r y .  T h e s e  w e r e  t h e  c o m b i n a t i o n  o f  g l u c o s e  
g l y c e r o l  a n d  p r o l i n e  a n d  t h e  c o m b i n a t i o n  o f  s t a r c h  a n d  n i t r a t e .
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T h e  l a t t e r  c o m b i n a t i o n  i s  a l r e a d y  u s e d  i n  s t a r c h - c a s e i n  m e d iu m .
P r o l i n e ,  a s p a r a g i n e ,  g l u c o s e ,  g l y c e r o l ,  h u m i c  a c i d  ( 0 . 0 1 % ) ,  
c o b a l t  ( 0 . 0 5 % )  a n d  v i t a m i n s ,  c o p p e r  a n d  m a g n e s i u m  w e r e  a m o n g  t h e  
s u b s t r a t e s  r e c o m m e n d e d  b y  d i s c r i m i n a n t  a n a l y s i s  f o r  t h e  s e l e c t i v e  
i s o l a t i o n  o f  ’ a n t i b i o t i c - p r o d u c i n g '  a c t i n o m y c e t e s  o v e r  ' n o n ­
p r o d u c i n g '  a c t i n o m y c e t e s .  A m in o  a c i d s  a r e  f r e q u e n t l y  u s e d  i n  
a n t i b i o t i c  f e r m e n t a t i o n s  w h e r e  m o r e  r e a d i l y  u s e d  n i t r o g e n  
s o u r c e s ,  s u c h  a s  a m m o n i a ,  a r e  k n o w n  t o  r e p r e s s  a n t i b i o t i c  
p r o d u c t i o n .  C o b a l t  i s  k n o w n  t o  b e  r e q u i r e d  a s  a  t r a c e  m e t a l  f o r  
a n t i b i o t i c  p r o d u c t i o n .  A l s o ,  i t  i s  a l s o  k n o w n  t h a t  B - l a c t a m  
a n t i b i o t i c s  c o m p l e x  m e t a l  i o n s  a t  h i g h  c o n c e n t r a t i o n s .  A s  a  
r e s u l t  o f  t h i s  o b s e r v a t i o n ,  i t  i s  t h o u g h t  t h a t  s t r a i n s  w h i c h  
b e c o m e  r e s i s t a n t  t o  t h e s e  m e t a l l i c  i o n s  d o  s o  b y  o v e r p r o d u c i n g  B -  
l a c t a m  a n t i b i o t i c s  a s  a  m e a n s  o f  d e t o x i f y i n g  t h e m .
N i t r a t e  w a s  l i s t e d  b y  d i s c r i m i n a n t  a n a l y s i s  a s  a  s u b s t r a t e  
t o  b e  a v o i d e d  f o r  t h e  s e l e c t i o n  o f  ' a n t i b i o t i c - p r o d u c i n g '  
a c t i n o m y c e t e s .  N i t r a t e  i s  c o m m o n l y  u s e d  a s  a  n i t r o g e n  s o u r c e  i n  
s e l e c t i v e  i s o l a t i o n  m e d i a  f o r  a c t i n o m y c e t e s .  S u b s t i t u t i o n  o f  t h i s  
n i t r o g e n  s o u r c e  w i t h  o n e  r e c o m m e n d e d  b y  d i s c r i m i n a n t  a n a l y s i s  f o r  
t h e  i s o l a t i o n  o f  ' a n t i b i o t i c - p r o d u c i n g '  a c t i n o m y c e t e s  w o u l d  b e  
e x p e c t e d  t o  l e a d  t o  t h e  i s o l a t i o n  o f  g r e a t e r  n u m b e r s  o f  
a c t i n o m y c e t e s  c a p a b l e  o f  a n t i b i o t i c  p r o d u c t i o n .
S o m e  o f  t h e  r e c o m m e n d e d  s u b s t r a t e s  f o r  1 a n t i b i o t i c  
p r o d u c e r s ' ,  s u c h  a s  p r o l i n e  a n d  h u m i c  a c i d  w e r e  i n  c o m m o n  w i t h  
t h e  r e c o m m e n d e d  s u b s t r a t e s  f o r  t h e  s e l e c t i o n  o f  a c t i n o m y c e t e s  
r e l a t i v e  t o  e u b a c t e r i a .  H o w e v e r ,  o t h e r s  ( f o r  e x a m p l e ,  v i t a m i n s  
a n d  0 . 0 5 %  c o b a l t )  h a d  b e e n  l i s t e d  a s  p a r a m e t e r s  w h i c h  m a y  e n h a n c e  
t h e  g r o w t h  o f  e u b a c t e r i a  r a t h e r  t h a n  a c t i n o m y c e t e s .  S u c h  
p a r a m e t e r s  c a n  o n l y ,  t h e r e f o r e ,  b e  s u c c e s s f u l l y  u s e d  f o r  t h e  
i s o l a t i o n  o f  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s  b y  t h e  
a p p l i c a t i o n  o f  a  t w o - s t a g e  a p p r o a c h ,  w h e r e  t h e  n u m b e r s  o f  
b a c t e r i a  a r e  r e d u c e d  i n  t h e  f i r s t  s t a g e  a n d  a n t i b i o t i c - p r o d u c i n g  
a c t i n o m y c e t e s  a r e  s e l e c t e d  i n  t h e  s e c o n d  s t a g e .  A l t h o u g h  s u c h  a n  
a p p r o a c h  c o u l d  b e  c a r r i e d  o u t  o n  s o l i d  m e d i a  b y  a  r e p l i c a  p l a t i n g
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t e c h n i q u e ,  a  l i q u i d  e n r i c h m e n t  s y s t e m  f o r  a c t i n o m y c e t e s  w o u l d  b e  
m o s t  e f f e c t i v e  f o r  t h e  a p p l i c a t i o n  o f  m u l t i - s t a g e  e n r i c h m e n t s .
9.4 Evaluation of Selective Isolation Conditions Recommended by
Discriminant Analysis
I n  t h e  i n i t i a l  a p p l i c a t i o n  a n d  e v a l u a t i o n  o f  t h e  
r e c o m m e n d a t i o n s  f r o m  d i s c r i m i n a n t  a n a l y s i s ,  s u b s t r a t e s  w h i c h  h a d  
n o t  c o m m o n l y  b e e n  u s e d  i n  a c t i n o m y c e t e  i s o l a t i o n  m e d i a ,  s u c h  a s  
p r o l i n e ,  a s p a r a g i n e  a n d  h u m i c  a c i d  ( 0 . 1 % ) ,  w e r e  e v a l u a t e d  i n  
s i m p l e  i s o l a t i o n  m e d i a .  T h e  n e w  i s o l a t i o n  m e d i a  w e r e  s u c c e s s f u l  
i n  r e d u c i n g  t h e  n u m b e r s  o f  e u b a c t e r i a  a p p e a r i n g  o n  s o i l  i s o l a t i o n  
p l a t e s  c o m p a r e d  w i t h  e x i s t i n g  i s o l a t i o n  m e d i a .  F u r t h e r m o r e ,  a s  
p r e d i c t e d ,  t h e  p r o p o r t i o n  o f  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s  
w a s  i n c r e a s e d  o n  t h e  n e w  i s o l a t i o n  m e d i a .  E v e n  u n d e r  c o n d i t i o n s  
t h a t  w e r e  s u b o p t i m a l  f o r  t h e  i s o l a t i o n  o f  a c t i n o m y c e t e s  ( i e .  t h e  
u s e  o f  a  s o i l  s a m p l e  c o n t a i n i n g  a n  u n u s u a l l y  h i g h  p r o p o r t i o n  o f  
b a c t e r i a ) ,  t h e  n e w  m e d i a  w e r e  c a p a b l e  o f  r e t a i n i n g  t h e i r  
s e l e c t i v i t y  f o r  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s .  T h e s e  r e s u l t s  
w e r e  e x t r e m e l y  p r o m i s i n g .  I f  t h i s  c a n  b e  a c h i e v e d  w i t h  s i m p l e  
s u b s t i t u t i o n s  t h e n  m o r e  c o m p l e x  c o m b i n a t i o n s  a n d  m u l t i - s t a g e  
e n r i c h m e n t s  m a y  l e a d  t o  t h e  i s o l a t i o n  o f  n e w  s t r a i n s .
9.5 The Basis of Medium Specificity
I n  t h i s  w o r k ,  d i s c r i m i n a n t  a n a l y s i s  h a s  b e e n  u s e d  t o  
i d e n t i f y  n u t r i t i o n a l  a n d  p h y s i o l o g i c a l  p a r a m e t e r s  w h i c h  i n c r e a s e  
t h e  c o m p e t i t i v e n e s s  o f  a n t i b i o t i c - p r o d u c i n g  s t r a i n s  o n  i s o l a t i o n  
p l a t e s .  I t  h a s  b e e n  f o u n d  t h a t  t h e  a p p l i c a t i o n  o f  t h e s e  
p a r a m e t e r s  ( e g .  p r o l i n e ,  a s p a r a g i n e  a n d  0 . 1 % h u m i c  a c i d )  ( w h i c h  
d i d  n o t  i n c l u d e  t h e  u s e  o f  a n t i b i o t i c s  o r  o t h e r  i n h i b i t o r s )  i n  
s i m p l e  i s o l a t i o n  m e d i a  h a s  g r e a t l y  i m p r o v e d  t h e  i s o l a t i o n  r a t e  o f  
a n t i b i o t i c - p r o d u c i n g  s t r a i n s .  O n e  m i g h t  a s k  w h a t  i s  t h e  b a s i s  o f  
t h i s  s e l e c t i v i t y  ?  T h r e e  p o s s i b l e  e x p l a n a t i o n s  a r e  a s  f o l l o w s
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( 1 )  T h e  s u b s t r a t e  g i v e s  a n t i b i o t i c - p r o d u c i n g  s t r a i n s  a  g r o w t h
a d v a n t a g e  o v e r  n o n - p r o d u c i n g  s t r a i n s  ( a l t h o u g h  t h i s  n e e d  n o t  
b e  d i r e c t l y  r e l a t e d  t o  a n t i b i o t i c  p r o d u c t i o n  p e r  s e ) .
( 2 )  T h e  s u b s t r a t e  e n a b l e s  t h e  a n t i b i o t i c  p r o d u c e r  t o  p r o d u c e  
a n t i b i o t i c  s u b s t a n c e s  w h i c h  k i l l  c o m p e t i n g  o r g a n i s m s  o n  t h e  
i s o l a t i o n  p l a t e  a n d  a l l o w  t h e  a n t i b i o t i c  p r o d u c e r  t o  g r o w  o n  
t h e  p l a t e .
( 3 )  T h e  s u b s t r a t e  i n h i b i t s  c o m p e t i n g  o r g a n i s m s  ( e g .  e u b a c t e r i a  
a n d  n o n - a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s )  a l l o w i n g  g r o w t h  
o f  a n t i b i o t i c - p r o d u c i n g  a c t i n o m y c e t e s .
E x p l a n a t i o n  ( 1 )  i s  t h e  l o g i c a l  c o n c l u s i o n  o f  t h e  a p p r o a c h  
a d o p t e d  h e r e ,  i n  w h i c h  d i s c r i m i n a n t  a n a l y s i s  w a s  u s e d  t o  p r e d i c t  
p a r a m e t e r s  w h i c h  e n h a n c e  t h e  g r o w t h  o f  a n t i b i o t i c - p r o d u c i n g  
a c t i n o m y c e t e s  c o m p a r e d  t o  n o n - p r o d u c i n g  s t r a i n s .  T h e  f a c t  t h a t  
s u b s t r a t e s  c a n  b e  i d e n t i f i e d  w h i c h  w i l l  e f f e c t i v e l y  e n h a n c e  t h e  
g r o w t h  o f  a n t i b i o t i c - p r o d u c i n g  s t r a i n s  m a y  t e l l  u s  s o m e t h i n g  
f u n d a m e n t a l  a b o u t  t h e  p h y s i o l o g y  o f  a n  o r g a n i s m  w h i c h  i s  c a p a b l e  
o f  a n t i b i o t i c  p r o d u c t i o n  ( e v e n  i f  i t  i s  n o t  n e c e s s a r i l y  p r o d u c i n g  
a n t i b i o t i c  s u b s t a n c e s  a t  t h e  t i m e ) .  I n  g e n e r a l ,  a n t i b i o t i c  
p r o d u c e r s  a r e  c o n s i d e r e d  t o  b e  l e s s  c o m p e t i t i v e  t h a n  n o n ­
p r o d u c i n g  s t r a i n s  d u e  t o  t h e  e n e r g y  r e q u i r e m e n t s  o f  a n t i b i o t i c  
p r o d u c t i o n .  I t  i s  p o s s i b l e ,  t h e r e f o r e ,  t h a t  t h e  s e l e c t i v e  
s u b s t r a t e s  d e s c r i b e d  i n  t h i s  s t u d y  d o  n o t  a l l o w  a n t i b i o t i c  
p r o d u c t i o n  a n d  i n  s w i t c h i n g  o f f  t h i s  p r o c e s s  e n e r g y  i s  
r e l i n q u i s h e d  f o r  g r o w t h  o f  t h e  o r g a n i s m ,  h e n c e  m a k i n g  i t  m o r e  
c o m p e t i t i v e  w i t h  n o n - p r o d u c i n g  s t r a i n s .  T h i s  h y p o t h e s i s  i s  
u n l i k e l y  b e c a u s e  s o m e  e v i d e n c e  i n d i c a t i n g  t h a t  t h e s e  m e d i a  w e r e  
c a p a b l e  o f  s u p p o r t i n g  a n t i b i o t i c  p r o d u c t i o n  w a s  o b t a i n e d  ( S e c t i o n  
4 . 3 . 7 ) .  A n  a l t e r n a t i v e  h y p o t h e s i s  i s  t h a t  t h e s e  s e l e c t i v e  
s u b s t r a t e s ,  a s  w e l l  a s  b e i n g  u s e f u l  f o r  g r o w t h ,  f e e d  d i r e c t l y  
i n t o  p a t h w a y s  f o r  a n t i b i o t i c  b i o s y n t h e s i s .  T h e  a v a i l a b i l i t y  o f  
t h e s e  s u b s t r a t e s  s a v e s  e n e r g y  w h i c h  w o u l d  o t h e r w i s e  b e  e x p e n d e d  
p r o d u c i n g  t h e s e  b u i l d i n g  b l o c k s  f o r  a n t i b i o t i c  b i o s y n t h e s i s  
r a t h e r  t h a n  f o r  g r o w t h .
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E x p l a n a t i o n  ( 2 )  i s  s p e c u l a t i v e  b e c a u s e  i t  i s  n o t  k n o w n  
u n e q u i v o c a l l y  w h e t h e r  t h e  a n t i b i o t i c - p r o d u c e r s  i s o l a t e d  w e r e  
a c t u a l l y  p r o d u c i n g  a n t i b i o t i c  s u b s t a n c e s  o n  t h e  i s o l a t i o n  m e d iu m  
a n d  t h a t  t h i s  i s  t h e  r e a s o n  f o r  t h e i r  p r e s e n c e .  T h e r e  i s  m e r e l y  
i n d i r e c t  e v i d e n c e  c o n c e r n i n g  t h e i r  c a p a c i t y  f o r  a n t i b i o t i c  
p r o d u c t i o n  a g a i n s t  a  n u m b e r  o f  c h a l l e n g e  b a c t e r i a  o n  a  s i n g l e  
u n d e f i n e d  p r o d u c t i o n  m e d i u m  ( m a l t - y e a s t  a g a r ) .  H o w e v e r ,  
i n h i b i t i o n  o f  t h e  s u p e r s e n s i t i v e  m u t a n t  o f  E . c o l l  w a s  a c h i e v e d  i n  
s o m e  c a s e s  b y  p u r e  c u l t u r e s  o n  t h e  n u t r i t i o n a l  t e s t  m e d i a  
c o n t a i n i n g  a s p a r a g i n e  a n d  p r o l i n e  ( s e e  S e c t i o n  4 . 3 . 7 ) .  A l s o ,  
z o n e s  o f  i n h i b i t i o n  w e r e  s e e n  i n  a g a r  o v e r l a y s  c o n t a i n i n g  t h e  
s u p e r s e n s i t i v e  m u t a n t  o n  t h e  s o i l  i s o l a t i o n  p l a t e s .  T h i s  r e s u l t  
m a y  h a v e  b e e n  d u e  t o  n u t r i e n t  d e p l e t i o n  b y  t h e  s o i l  i s o l a t e s  i n  
t h e  a g a r  o v e r l a y .  A l s o  i t  w a s  n o t  p o s s i b l e  t o  i d e n t i f y  t h e  
i s o l a t e s  r e s p o n s i b l e  f o r  t h e  c l e a r i n g  e f f e c t  b e c a u s e  l a r g e  a r e a s  
o f  t h e  o v e r l a y  w e r e  o f t e n  a f f e c t e d .
E x p l a n a t i o n  ( 3 )  r e p r e s e n t s  t h e  c l a s s i c a l  a p p r o a c h  t o  m e d iu m  
d e s i g n ,  w h e r e ,  i n  t h e  a b s e n c e  o f  k n o w n  p o t e n t i a t o r s  o f  
a c t i n o m y c e t e  g r o w t h ,  i n h i b i t o r s  a r e  u s e d  t o  r e p r e s s  u n w a n t e d  
o r g a n i s m s .  I n  t h e  w o r k  d e s c r i b e d  h e r e ,  k n o w n  i n h i b i t o r s  w e r e  
a v o i d e d  b e c a u s e  t h e  a i m  w a s  t o  a c h i e v e  p o s i t i v e  s e l e c t i o n  
( t h r o u g h  g r o w t h )  r a t h e r  t h a n  n e g a t i v e  s e l e c t i o n  ( t h r o u g h  
i n h i b i t i o n ) .  H o w e v e r ,  i t  i s  d i f f i c u l t  t o  d i f f e r e n t i a t e  b e t w e e n  
s t i m u l a t i o n  o f  o n e  g r o u p  o f  o r g a n i s m s  a n d  r e p r e s s i o n  o f  a n o t h e r .  
I t  i s  p o s s i b l e ,  f o r  e x a m p l e ,  t h a t  s u b s t r a t e s  s u c h  a s  p r o l i n e  a n d  
h u m i c  a c i d  m a y  b e  i n h i b i t o r y  t o  s o m e  o r g a n i s m s .
9.6 The Percolating Column as an Enrichment System for
A c t i n o m y c e t e s
A  m o d e l  s y s t e m  w h e r e  l i q u i d  m e d i a  w a s  p e r c o l a t e d  t h r o u g h  a  
c o l u m n  c o n t a i n i n g  a  m i x t u r e  o f  g l a s s  b e a d s  a n d  s o i l  w a s  t e s t e d  
f o r  s u i t a b i l i t y  a s  a n  e n r i c h m e n t  s y s t e m  f o r  a c t i n o m y c e t e s  a n d  f o r  
t h e  s t u d y  o f  t h e  e f f e c t  o f  v a r i o u s  n u t r i e n t  l i m i t a t i o n s  o n  t h e  
a n t i b i o t i c - p r o d u c i n g  p o p u l a t i o n .  A c t i n o m y c e t e s  w e r e  f o u n d  t o  b e  
r e t a i n e d  i n  t h e  s o i l  c o l u m n  a n d  w e r e  n o t  d e t e c t a b l e  i n  t h e  c o l u m n
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e f f l u e n t .  T h i s  w a s  a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  a c t i n o m y c e t e s  i n  
f i l a m e n t o u s  f o r m  o r  a s  h y d r o p h o b i c  s p o r e s  w h i c h  w o u l d  n o t  b e  
e a s i l y  d i s l o d g e d  b y  t h e  d o w n w a r d  f l o w  o f  t h e  m e d i u m  a n d  t o  t h e  
d i f f i c u l t y  i n  d e t e c t i n g  s m a l l  n u m b e r s  o f  a c t i n o m y c e t e s  i n  a  m i x e d  
b a c t e r i a l  p o p u l a t i o n  b y  t h e  d i l u t i o n  p l a t i n g  t e c h n i q u e .  T h e  
c o l u m n s  w e r e  f o u n d  t o  b e  e x t r e m e l y  u s e f u l  f o r  t h e  i s o l a t i o n  o f  
l a r g e  n u m b e r s  o f  d i v e r s e  m o r p h o l o g i c a l  a c t i n o m y c e t e  t y p e s  w h i c h  
w o u l d  n o t  h a v e  b e e n  p o s s i b l e  u s i n g  c o n v e n t i o n a l  t e c h n i q u e s .  
H o w e v e r ,  d u e  t o  t h e  c o m p l e x i t y  o f  t h e  s o i l  s y s t e m  a n d  t h e  
m i c r o b i a l  p o p u l a t i o n  t h e r e i n ,  t h e y  w e r e  n o t  f o u n d  t o  b e  u s e f u l  a s  
a  s t u d y  t o o l .  A  s i m p l i f i e d  s y s t e m  u s i n g  a  m o d e l  p o p u l a t i o n  ( e g .  
t h e  w e l l  c h a r a c t e r i s e d  i s o l a t e s  f r o m  t h e  n u t r i t i o n a l  a n d  
p h y s i o l o g i c a l  s t u d y )  a n d  a n  i n e r t  s u p p o r t  ( s u c h  a s  g l a s s ,  s a n d ,  
c e l i t e ,  o r  v e r m i c u l i t e )  m a y  b e  u s e f u l  f o r  t h e  s y s t e m a t i c  s t u d y  o f  
t h e  e f f e c t  o f  n u t r i e n t  l i m i t a t i o n s  o n  t h e  a n t i b i o t i c - p r o d u c i n g  
p o p u l a t i o n .  M o d e l s  s u c h  a s  t h e s e  m a y  p r o v i d e  a n  i m p r o v e d  
u n d e r s t a n d i n g  o f  t h e  b a s i s  o f  m e d iu m  s e l e c t i v i t y  a n d  m a y  a n s w e r  
q u e s t i o n s  r e g a r d i n g  t h e  v a l u e  o f  a n t i b i o t i c  p r o d u c t i o n  i n  
h e t e r o g e n e o u s  e n v i r o n m e n t s .  T h i s  k n o w l e d g e  m a y  b e  a p p l i e d  t o  t h e  
d e v e l o p m e n t  o f  d i r e c t e d  i s o l a t i o n  p r o c e d u r e s  t o w a r d s  p r o d u c e r s  o f  
n o v e l  a n t i b i o t i c s .
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Appendix 1 
Media
1 .  C a s - a m i n o  a c i d / m e a t  e x t r a c t  a g a r  ( C A M )
g / L
C a s - a m i n o  a c i d s  5 . 0
L a b  L e m c o  p o w d e r  2 . 4
( o r  b e e f  e x t r a c t  3 g )
A g a r  1 5 . 0
A l . 1  G e n e r a l  I s o l a t i o n  a n d  G r o w t h  M e d ia
2 .  G l u c o s e  m a l t - y e a s t  e x t r a c t  a g a r  ( M a l t - Y e a s t  A g a r ,  M Y A )
g / L
Y e a s t  E x t r a c t  4 . 0
M a l t  E x t r a c t  1 0 . 0
G l u c o s e  4 . 0
A g a r  1 5 . 0
3 .  S t a r c h - c a s e i n  a g a r  ( S C )
g / L
S o l u b l e  s t a r c h  1 0 . 0
C a s e i n  ( v i t .  f r e e )  2 . 0
K N 0 3  2 . 0
N a C l  2 . 0
K 2 H P 0 4  2 . 0
M g S 0 4 . 7 H 2 0  0 . 0 5
C a C 0 3  0 . 0 2
F e S 0 4 . 7 H 2 0  0 . 0 1
A g a r  2 0 . 0
( a u t o c l a v e  s e p e r a t e l y )
4 .  M 3  m e d iu m  ( M 3 )
K H 2 P 0 4
N a 2 H P 0 4
K N 0 3
N a C l
M g S 0 4 . 7 H 2 0
C a C 0 3
S o d i u m  p r o p i o n a t e  
A g a r
g / L
0 . 4 6 6
0 . 7 3 2
0.10
0 . 2 9
0.10
0.02
0.20
1 8 . 0
F e S 0 4 . 7 H 2 0  
Z n S 0 4 . 7 H 2 0  
M n S 0 4 . 7 H 2 0
T h i a m i n  H C 1
20 0 u g
1 8 0 u g
2 0 u g
4 m g
( a d d  t h i a m i n  a f t e r  a u t o c l a v i n g )
1 3 9
5 .  S o i l  E x t r a c t
P r e p a r e  a s  f o l l o w s :  S i f t  4 0 0 g  s o i l  t h r o u g h  a  c o u r s e  s e i v e  
a n d  a u t o c l a v e  i n  9 6 0 m l s  t a p  w a t e r  f o r  1  h o u r  a t  1 2 1 ° C .  A l l o w  t h e  
m i x t u r e  t o  c o o l ,  d e c a n t ,  f i l t e r  t h r o u g h  p a p e r  a n d  a d j u s t  t h e  p H  
t o  6 . 8 - 7 . 0 .  R e p l a c e  2 5 0 m l s  w a t e r  p e r  l i t r e  o f  m e d iu m  w i t h  s o i l  
e x t r a c t .
A 1 . 2  N e w  S e l e c t i v e  I s o l a t i o n  M e d i a
1 .  M 3  A s p a r a g i n e  M e d i u m
M 3  m e d iu m  ( s e e  a b o v e )  w i t h  0 . 1 g / l  K N O 3  o m i t t e d  a n d  0 . 7 4 g / l  
L - a s p a r a g i n e  a d d e d .
2 .  M 3  P r o l i n e  M e d i u m
M 3  m e d iu m  ( s e e  a b o v e )  w i t h  0 . 1 g / l  K N O 3  o m i t t e d  a n d  0 . 1 1 4 g / l  
L - p r o l i n e  a d d e d .
3 .  P r o l i n e  ( C + N )  M e d i u m
C + N  U t i l i z a t i o n  t e s t  b a s a l  m e d iu m  ( s e e  A p p e n d i x  3 )  w i t h  a n  
a d d i t i o n  o f  7 . 6 5 g / l  L - p r o l i n e .
4 .  H u m i c  A c i d  M e d i u m
C + N  u t i l i z a t i o n  t e s t  b a s a l  m e d iu m  ( s e e  A p p e n d i x  3 )  w i t h  a n  
a d d i t i o n  o f  0 . 7 1 8 g / l  h u m i c  a c i d  ( A l d r i c h ) .
1 4 0
A p p e n d ix  2
C h a r a c t e r i s t i c s  o f  t h e  i s o l a t e s  u s e d  i n  t h e  p h y s i o l o g i c a l  a n d  
n u t r i t i o n a l  s t u d y  ( S e c t i o n  4 )
T a b l e  A 2 . 1  A c t i n o m y c e t e s :  o r i g i n  a n d  c h a r a c t e r i s t i c s
S t r a i n  I s o l a t i o n  C o l o u r  o n  O a t m e a l  A g a r  A n t i -
N u m b e r  M e d i u m  S p o r e  S u b s t r a t e  R e v e r s e  D i f f u s a b l e  b i o s i s
M y c e l i u m  M y c e l i u m  P i g m e n t
1 MYA g r e y y e l l o w c r e a m r u s t -
2 MYA g r e y g r e y -
3 MYA w h i t e w h i t e w h i t e +
4 MYA g r e y c r e a m c r e a m -
5 MYA b r / g y w h i t e w h i t e +
6 CAM b r o w n c r e a m c r e a m b r o w n +
7 CAM g r e y c r e a m w h i t e -
8 MYA p i n k c r e a m c r e a m -
9 CAM w h i t e w h i t e w h i t e -
1 0 SC b r / g y w h i t e w h i t e p u r p l e -
1 1 SC g r e y c r e a m w h i t e -
1 2 SC b l / g y g r e y g r e y -
1 3 SC g r e e n y e l l o w w h i t e y e l l o w -
1 4 SC n s b r / o r b r / o r b r o w n -
1 5 SC w h i t e c r e a m c r e a m +
1 6 s c g r e y y e l l o w c r e a m +
1 7 s c w h i t e c r e a m w h i t e +
1 8 s c g r e y b r o w n b e i g e -
1 9 s c n s b r / o r b r / o r -
20 M 3 n s w i n e w i n e b u r g u n d y -
2 1 M 3 g r e y b e i g e w h i t e -
2 2 M 3 w h i t e w h i t e w h i t e -
2 3 M 3 g r e y g r e y g r e y -
2 4 M 3 g r e y y e l l o w c r e a m -
2 5 MYA p k / g y g r e y g r e y g r e y -
2 6 MYA g r e y g r e y g r e y +
2 7 MYA w h i t e p i n k c r e a m -
2 8 CAM g r e e n b e i g e c r e a m -
2 9 CAM b r / g y b r / g y b r / g y +
1 4 1
T a b l e  A 2 . 1  A c t i n o m y c e t e s :  o r i g i n  a n d  c h a r a c t e r i s t i c s  ( c o n t i n u e d )
S t r a i n  I s o l a t i o n  C o l o u r  o n  O a t m e a l  A g a r  A n t i -
N u m b e r  M e d i u m  S p o r e  S u b s t r a t e  R e v e r s e  D i f f u s a b l e  b i o s i s
M y c e l i u m  M y c e l i u m  P i g m e n t
3 0 C A M b r / g y b r o w n b r o w n b r o w n +
3 1 C A M g r e y w h i t e w h i t e y e l l o w -
3 2 C A M w h i t e r u s t c r e a m r u s t -
3 3 C A M g r e y w h i t e w h i t e +
3 4 C A M v i o l e t +
3 5 C A M w h i t e y e l l o w y e l l o w y e l l o w -
3 6 SC b r / g y c r e a m c r e a m b r o w n +
3 7 SC g r e e n c r e a m c r e a m +
3 8 SC w h i t e c r e a m c r e a m +
3 9 SC y e l l o w y e l l o w w h i t e -
4 0 SC g r e y b r o w n p k / b r +
4 1 M 3 w h i t e w h i t e w h i t e -
4 2 M 3 w h i t e c r e a m c r e a m -
4 3 M 3 g r e e n y e l l o w y e l l o w +
4 4 M 3 g r e y w h i t e w h i t e y e l l o w -
4 5 M 3 g r e e n r e d c r e a m -
4 6 M 3 b r / g y b r o w n b r o w n p k / b r +
4 7 M 3 g r e y y e l l o w y e l l o w -
4 8 M 3 w h i t e b r o w n c r e a m +
4 9 M 3 g r e e n r e d / y r e d / y +
K e y :  p k  
b r
9 Y
b l
y
o r
n s
p i n k
b r o w n
g r e y
b l a c k
y e l l o w
o r a n g e
n o  s p o r e s
C A M  -  c a s - a m i n o  a c i d s  m e a t  e x t r a c t  a g a r  
M Y A  -  m a l t - y e a s t  a g a r  
N A  -  n u t r i e n t  a g a r  
S C  -  s t a r c h - c a s e i n  m e d iu m
1 4 2
T a b le  A 2 .2  B a c t e r i a :  O r i g i n  a n d  C h a r a c t e r i s t i c s .
Strain Isolation Gram Colony Morphology on Ox Cat 0/F
Number Medium Stain Nutrient Agar
50 MYA - rods pale yellow glossy <lmm + F
51 MYA + short irregular, beige , 5-10mm + + F
rods
52 MYA + short irregular, beige , 5-10mm + + F
rods
53 MYA - long white, glossy, wet, 3-4mm + 0
rods
54 MYA + fat irregular, + melanin + F
rods glossy, 5-10mm
55 MYA + short buff, irregular, 5-10mm + F
rods
56 MYA + short cream, butyrous, 4-6mm + + F
rods
57 NA - short mucoid, buff, 5-10mm + F
rods
58 NA + fine cream, erose edge, 4-6mm + F
rods
59 NA - long grey/beige, irreg., 2mm + + NG
rods
60 NA + pleo- beige, flat, transparent + + 0
morphic
61 NA + cocci yellow, opaque, butyrous - + F
5-6mm
62 NA + rods white, glossy centre, - + F
buff edge, 2-4mm
1 4 3
T a b le  A 2 .2  B a c t e r i a :  O r i g i n  a n d  C h a r a c t e r i s t i c s  ( c o n t i n u e d )
Strain Isolation Gram Colony Morphology on Ox Cat
Number Medium Stain Nutrient Agar
63 NA - short beige, glossy, l-2mm + +
rods
64 CAM + rods beige, glossy, swarmer - +
stacked 2mm
65 CAM + rods & beige, 5-7mm - +
spores
66 SC + cocci cream, opaque, 1mm - +
67 SC + rods buff, flat, irregular - +
+ melanin, 3-5mm
68 SC + cocco- wet, beige, 1mm
bacilli
69 SC + rods orange, opaque, 0.5mm - +
70 SC + small yellow, glossy, <lmm - +
rods
71 M3 - rods flat, buff, 3-4mm - +
slender
72 M3 + cocci irregular, wet, pink - +
2mm
73 M3 + small white, opaque, glossy, - +
rods 2mm
ox - oxidase CAM - cas-amino acids meat
cat - catalase MYA - malt-yeast agar
0/F - 0/F test NA - nutrient agar
0 - oxidative SC - starch-casein medium
F - fermentative
NG - no growth
F
NG
NG
0
F
F
NG
0
NG
NG
NG
agar
0 / F
1 4 4
T a b le  A 2 .3  F u n g i:  C h a r a c t e r i s t i c s
Strain Colony Morphology on 
Number Potato Dextrose Agar
Identification
75 Orange waxy mycelium with brown pycnidia Coelomycete
76 White hyphae, pink reverse green spores Penicillium sp.
77 White hyphae, green reverse unidentified
78 White-grey hyphae, pink reverse* Penicillium sp.
79 Green hyphae, brown reverse and pigment. Penicillium sp.
80 Green mycelium, brown reverse Penicillium sp.
81 White mycelium with orange-black globules Penicillium sp.
82 Green mycelium, brown reverse Penicillium sp.
83 Pink mycelium, brown-grey reverse Paecilomyces sp.
84 Compact, slow-growing yellow mycelium unidentified
85 Green mycelium, brown reverse Penicillium sp.
86 Fast-growing white hyphae, green globules Gliocladium sp.
87 Grey/Pink mycelium, grey reverse unidentified
88 Fast-growing white mycelium* Scopulariopsis
89 Fast growing pink fluffy mycelium Fusarium sp.
90 Buff, smooth colony Yeast
91 Buff, smooth colony Yeast
* Antibacterial substances detected by agar droplet bioassay 
method
1 4 5
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Table A3.1 Physiological and Nutritional Test Media. 
Carbon Utilization Tests
Basal Medium:
CUM g/L Additions: g/L
(NH4 )2S04 2.64 1. Glucose (1%) 10.00
k h 2p o 4 2.38 2. Glucose (0.1%) 1.00
k 2h p o 4 5.65 3. Maltose 10.00
MgS04 .7H20 1.00 4. Starch 10.00
Agar 15.00 5. Cellulose 9.00
6. Propionate (1%) 10.64
pH 7.2 7. Propionate (0.1%) 1.06
8. Methanol 10.66
9. Glycerol 10.22
Carbon and Nitrogen Utilization Tests
Basal medium:
C+N g/L Additions: g/L
KH2P04 2.38 10. Aspartate 11.05
k 2h p o 4 5.65 11. Threonine 9.90
MgS04 1.00 12. Proline 7.65
Agar 15.00 13. Humic acid (1%) 7.18
14. Humic acid (0.1%) 0.71
pH 7.2
Nitrogen Utilization Tests
Basal medium:
NUM g/L Additions: g/L
Glucose 10.00 15. Asparagine 3.00
k 2h p o 4 1.00 16. Glutamine 2.92
MgS04 0.50 17. Arginine 1.74
NaCl 1.00 18. Alanine 3.56
Agar 15.00 19. Sodium nitrate 3.41
20. Sodium nitrite 2.75
pH 7.2 21. Ammonium chloride 2.14
1 4 6
T a b le  A 3 .1  P h y s i o l o g i c a l  a n d  N u t r i t i o n a l  T e s t  M e d ia  ( c o n t i n u e d ) .
Resistance/Inhibition Tests 
Basal medium:
ISG g/L
Glucose 10.0
K2HP04 1.0
MgS04 .7H20 1.0
NaCl (0.1%) 1.0
NH4N03 1.2
CaC03 2.0
Agar 15.0
pH 7.2 unless otherwise stated
Trace Element Requirements
Basal medium:
ISG (see above)
Trace Salt Solution (TSS): 
Cu S045H20 0.64g
FeS047H20 0.1lg
MnCl24H20 0.79g
ZnS047H20 0.15g
Distilled water lOOmls 
Use 1ml per litre medium
Modifications and Additions:
22. Incubation at 28°C
23. Incubation at 30°C
24. pH 6.4
25. pH 7.7
26. pH 8.0
27. pH 9.0
28. pH 9.4
29. Phenol 0.1%
30. Phenol 0.01%
31. NaCl 4%
32. NaCl 7%
33. NaCl 10%
34. Cobalt 0.5%
35. Cobalt 0.05%
Modifications:
36. Manganese omitted from TSS
37. Copper omitted 1 1
38. Iron omitted " "
39. Zinc omitted " "
40. Potassium omitted " 1
41. Calcium omitted " "
42. Magnesium omitted " 1
43. Vitamin supplement added
Vitamin supplement:
Biotin 10 mg/L
Vitamin B12 10 mg/L
Vitamin B1 50 mg/L
1 4 7
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Datamatrix containing colony diameter measurements (in tenths of 
millimetres) of 91 test organisms to 43 physiological/nutritional 
tests.
Key to organism numbers:
Organism nos. 1 - 4 9  actinomycetes 
Organism nos. 50 - 74 eubacteria 
Organism nos. 75 - 91 fungi
Further details of the test organisms may be found in Appendix 1. 
Key to test numbers:
1. Glucose (1%) 22. Incubation at 28°C
2. Glucose (0.1%) 23. Incubation at 30°C
3. Maltose 24. pH 6.4
4. Starch 25. pH 7.7
5. Cellulose 26. pH 8.0
6. Propionate (1%) 27. pH 9.0
7. Propionate (0.1%) 28. pH 9.4
8. Methanol 29. Phenol 0.1%
9. Glycerol 30. Phenol 0.01%
10. Aspartate 31. NaCl 4%
11. Threonine 32. NaCl 7%
12. Proline 33. NaCl 10%
13. Humic acid (1%) 34. Cobalt 0.5%
14. Humic acid (0.1%) 35. Cobalt 0.05%
15. Asparagine 36. Manganese omitted
16. Glutamine 37. Copper omitted
17. Arginine 38. Iron omitted
18. Alanine 39. Zinc omitted
19. Sodium nitrate 40. Potassium omitted
20. Sodium nitrite 41. Calcium omitted
21. Ammonium chloride 42. Magnesium omitted
43. Vitamin supplement added
Further details of the physiological/nutritional tests may be 
found in Appendix 3.
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D a t a m a t r ix :  C o lo n y  d ia m e t e r  m e a s u r e m e n ts  i n  t e n t h s  o f  m i l l i m e t r e s
1 2 3 4 5
t e s t
6
n u m b e r
7  8 9 1 0 1 1 1 2 1 3 1 4
1 7 5 8 2 1 2 0 1 0 4 9 1 0 8 5 7 6 8 8 0 8 7 1 1 6 5 6 6 9
2 7 5 8 4 8 8 0 0 0 0 0 0 0 6 8 8 0 9 2 0
3 0 0 0 0 8 0 0 4 2 2 9 0 0 0 0 0
4 6 9 8 2 9 4 9 8 9 3 0 8 7 7 8 7 1 0 8 8 8 3 7 4 8 1
5 7 6 7 0 6 6 6 7 5 9 0 6 2 2 0 6 3 0 5 3 7 9 7 5 5 6
6 7 5 6 7 6 9 6 6 4 3 0 5 5 0 6 4 0 4 9 6 1 6 2 5 6
7 1 0 1 8 2 4 6 7 2 5 5 0 6 4 0 0 0 5 9 8 1 4 9 0
8 6 9 9 3 9 4 8 3 7 5 0 6 7 3 4 6 5 0 5 0 6 3 5 0 8 9
9 0 0 0 0 0 0 0 0 0 0 0 0 4 8 0
1 0 9 5 1 0 0 7 2 1 1 2 1 0 5 0 9 3 1 1 1 6 9 0 9 0 9 3 5 4 9 9
1 1 9 7 7 6 9 0 8 6 8 6 0 5 4 2 6 7 5 0 7 0 9 5 4 9 7 1
1 2 5 0 8 8 1 5 9 2 1 2 0 0 1 1 8 0 8 - 8 0 1 1 2 1 1 4 7 8 9 7
1 3 2 1 3 6 1 8 1 9 3 4 0 0 3 0 5 0 0 4 5 4 8 6 2 5 3
1 4 5 9 4 9 5 0 6 0 5 2 0 5 3 5 5 6 0 0 5 2 5 9 4 7 5 9
1 5 8 5 6 2 5 7 1 1 8 9 9 0 8 0 8 5 7 5 0 7 3 8 6 4 1 8 5
1 6 9 3 7 8 0 1 3 7 1 0 8 0 9 7 0 9 9 0 1 3 7 1 4 3 7 1 8 9
1 7 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0
1 8 0 7 1 3 2 1 1 8 . 0 0 0 1 0 5 7 0 0 3 9 5 9 1 0 2 8 2
1 9 0 8 2 0 1 5 2 0 0 0 0 0 0 0 5 0 5 6 5 0
2 0 0 4 4 0 4 6 4 2 0 4 5 0 1 5 9 0 0 0 5 0 4 7
2 1 7 5 6 9 8 8 1 1 7 1 0 5 0 8 1 8 1 9 0 0 8 8 9 4 4 9 8 3
2 2 0 0 0 0 0 0 0 0 0 0 5 2 5 7 4 5 1 5
2 3 7 7 5 8 0 6 7 5 5 0 6 2 0 6 6 0 6 1 9 0 6 2 5 4
2 4 9 5 9 7 8 3 1 3 1 1 0 4 0 8 3 0 1 0 0 0 7 9 1 0 6 4 7 6 4
2 5 7 6 8 8 8 9 8 8 6 9 4 5 7 6 9 1 8 9 0 8 1 8 0
*7
i j 4 5
2 6 9 0 1 0 9 5 0 8 4 1 1 0 0 7 8 9 3 9 0 0 7 5 9 8 5 2 7 1
2 7 7 8 6 7 7 8 7 0 7 3 0 3 9 7 8 1 0 5 0 7 4 9 4 5 5 7 0
2 8 4 0 0 7 3 6 8 8 0 0 0 5 4 6 6 0 6 6 8 0 5 6 3 7
2 9 6 6 6 9 6 6 5 5 1 9 0 0 0 6 9 0 0 6 5 6 0 4 8
3 0 7 9 8 4 6 9 6 7 6 6 0 6 1 6 6 7 3 0 3 9 7 3 5 3 5 4
3 1 7 5 9 4 7 8 1 0 2 9 1 0 5 0 8 6 7 0 0 9 2 8 9 5 4 6 3
3 2 7 0 8 5 8 3 7 3 6 8 0 6 1 6 7 7 1 0 8 1 8 7 5 7 6  1
3 3 9 6 8 2 6 1 8 8 1 2 2 0 7 9 9 1 8 4 0 7 3 9 9 6 9 7 1
3 4 8 6 1 1 6 9 9 9 7 1 1 4 0 9 3 1 1 3 8 8 0 7 3 8 9 4 8 8 2
3 5 2 2 0 4 8 6 0 2 5 0 0 0 0 0 1 3 0 5 0
3 6 6 7 6 5 6 2 7 1 5 6 0 5 1 4 9 6 3 0 5 5 6 5 5 1 5 7
3 7 1 0 9 9 5 1 1 6 1 1 2 9 9 0 9 0 9 8 7 5 0 9 0 9 3 6 6 8 9
3 8 8 3 1 1 3 1 0 2 1 0 6 1 2 0 0 1 1 6 1 2 0 9 7 0 1 3 9 1 4 8 1 0 1 1 0 4
3 9 0 0 2 4 0 0 0 0 0 0 0 0 0 0 2 2
4 0 7 9 7 9 7 3 8 1 8 2 0 6 8 8 1 6 4 0 5 7 6 4 7 7 9 6
4 1 5 5 5 5 5 8 3 8 4 6 0 0 4 5 6 0 0 6 5 6 5 4 7 4 9
4 2 7 3 8 7 7 7 7 1 6 5 0 4 0 8 2 6 6 0 4 8 5 1 4 5 7 6
4 3 1 1 1 8 8 9 7 7 6 7 8 0 7 6 8 4 8 1 0 7 7 8 4 6 7 8 5
4 4 9 9 1 1 6 6 7 1 1 4 1 0 9 0 8 8 1 0 4 8 5 0 7 3 9 6 7 3 8 7
4 5 1 1 2 9 6 9 3 7 6 8 4 0 7 4 8 6 8 3 0 7 7 8 2 6 2 7 8
1 4 9
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A p p e n d ix  4  ( c o n t i n u e d )
D a t a m a t r ix :  C o lo n y  d ia m e t e r  m e a s u r e m e n ts  i n  t e n t h s  o f  m i l l i m e t r e s
1 2 3 4
4 6 7 6 8 7 7 1 7 6
4 7 8 4 9 6 9 1 0
4 8 7 3 7 8 7 9 7 2
4 9 9 8 7 3 7 4 8 5
5 0 0 0 4 4 0
5 1 4 1 4 3 9 8 8 3
5 2 0 4 3 9 5 7 9
5 3 0 0 0 0
5 4 0 6 5 1 1 7 0
5 5 0 9 5 8 8 5 3
5 6 0 0 5 1 0
5 7 0 7 3 6 6 4 4
5 8 0 8 4 9 5 5 2
5 9 0 0 0 0
6 0 0 0 2 7 0
6 1 0 5 3 6 2 4 6
6 2 0 0 0 0
6 3 0 0 3 3 0
6 4 0 4 1 8 8 4 0
6 5 0 5 5 0 0
6 6 0 6 5 6  1 3 7
6 7 0 8 6 1 3 8 5 5
6 8 0 8 2 6 0 0
6 9 0 6 0 5 1 4 7
7 0 0 4 3 4 6 0
7 1 0 4 7 5 1 4 4
7 2 0 5 8 8 2 4 9
7 3 0 4 7 4 5 0
7 4 0 4 6 6 5 0
7 5 1 3 1 1 6 2 1 2 0 2 0 0
7 6 1 2 8 1 0 7 1 4 5 2 0 0
7 7 1 7 7 1 2 0 2 0 0 2 0 0
7 8 1 0 7 1 0 5 1 1 7 2 0 0
7 9 0 0 0 0
8 0 1 2 9 1 4 4 1 3 4 2 0 0
8 1 1 2 0 1 1 7 1 2 8 1 3 3
8 2 1 1 2 1 1 0 1 2 2 2 0 0
8 3 2 0 0 2 0 0 2 0 0 2 0 0
8 4 0 0 1 1 0
8 5 1 3 4 0 1 4 2 2 0 0
8 6 1 1 8 1 6 9 1 2 2 9 9
8 7 2 0 0 2 0 0 2 0 0 2 0 0
8 8 2 0 1 4 7 2 0 0 2 0 0
8 9 2 0 0 0 2 0 0 2 0 0
9 0 8 9 6  1 8 4 3 5
9 1 9 4 0 5 6 3 5
test number
5 6 7 8 9
7 7 0 6 7 7 8 6 9
7 0 0 7 3 6 0 8 7
8 0 0 1 3 4 4 7 7
7 7 0 5 6 8 7 8 0
4 5 0 0 0 4 2
9 4 0 4 9 8 3 8 1
8 8 0 4 1 7 9 8 2
0 0 0 0 0
0 0 0 0 0
5 5 0 0 5 3 0
0 0 0 0 0
4 5 0 5 2 4 4 8 8
5 2 0 0 5 2 5 1
0 0 0 0 0
0 0 0 0 0
4 5 0 6 5 • 4 6 6 2
0 0 0 0 0
0 5 0 0 0 0
4 0 0 4 2 4 0 4 2
4 6 0 0 0 4 7
4 7 0 4 6 3 7 5 1
6 2 0 0 5 5 6 7
4 7 0 0 0 3 4
5 5 0 5 4 4 7 5 9
4 5 0 0 0 4 2
4 9 0 6 0 4 4 5 6
4 6 0 6 0 4 9 6 4
4 4 0 4 6 0 4 5
4 6 0 5 0 0 4 3
2 0 0 6 7 2 0 0 2 0 0 2 0 0
1 6 0 0 2 0 0 1 3 4 1 6 8
2 0 0 0 2 0 0 2 0 0 2 0 0
2 0 0 0 1 2 2 2 0 0 1 2 3
0 0 0 1 3 1 0
2 0 0 8 1 1 5 2 2 0 0 1 4 3
1 3 5 6 5 1 3 4 1 1 4 1 2 9
1 4 9 4 0 1 1 4 1 3 7 1 0 8
2 0 0 2 0 0 2 0 0 2 0 0 2 0 0
0 0 0 0 0
2 0 0 0 1 1 2 2 0 0 1 7 0
1 7 3 4 4 1 2 5 1 4 9 1 7 1
2 0 0 0 0 0 2 0 0
1 6 0 1 0 2 1 4 4 2 0 0 2 0 0
2 0 0 2 0 0 2 0 0 2 0 0 2 0 0
4 3 4 3 4 5 4 7 9 6
4 4 3 5 4 5 4 9 1 0 8
1 0 1 1 1 2 1 3 1 4
0 5 8 7 4 6 0 6 5
0 6 5 6  1 5 0 6 5
0 5 0 2 4 5 3 6 5
0 6 9 7 8 6 0 8 7
4 8 4 6 4 5 4 5 4 2
6 8 5 9 9 4 5 2 5 0
6 0 5 9 9 4 5 5 5 2
0 0 0 4 7 0
0 0 0 0 0
5 4 1 0 6 1 0 3 5 1 5 3
5 7 4 7 6 0 4 5 4 2
6 5 6  1 7 8 5 7 7 6
6 0 1 0 5 1 0 3 4 7 6 3
0 0 0 1 5 0
5 1 8 8 7 8 5 0 0
4 5 6 5 5 2 4 9 6 0
0 0 ■ 0 0 0
2 8 7 8 1 2 3 5 3 0
8 9 7 7 9 5 L 3 6
5 2 0 6 3 4 7 4 3
5 1 5 9 7 8 4 9 4 2
5 5 0 1 4 7 5 0 5 0
7 3 9 4 1 4 0 5 3 7 9
5 7 4 8 5 7 4 9 5 4
0 4 7 5 1 4 3 5 8
5 2 0 5 5 0 6 3
8 9 8 5 1 0 3 5 5 5 7
5 3 5 3 5 1 4 4 4 3
5 4 6 9 9 0 4 5 4 7
2 0 0 7 2 8 3 4 2 1 3 5
1 3 9 1 2 7 1 2 9 1 3 5 8 1
1 7 0 1 1 4 8 9 5 1 9 4
1 0 4 9 4 9 2 6 7 9 4
0 1 0 6 0 0 0
1 2 2 1 3 3 1 2 0 1 6 1 8 7
1 0 1 1 1 4 1 1 3 8 4 1 0 3
1 2 9 1 0 8 1 2 3 1 1 9 1 1 6
2 0 0 2 0 0 2 0 0 2 0 0 1 9 9
2 0 0 0 0 0 0
1 3 1 1 4 5 1 2 8 1 1 8 1 0 8
1 3 4 9 3 2 0 0 9 2 1 3 4
2 0 0 2 0 0 2 0 0 2 0 0 2 0 0
2 0 0 1 5 5 1 5 1 4 5 2 0 0
2 0 0 2 0 0 2 0 0 2 0 0 2 0 0
6 7 4 6 5 4 4 2 4 2
6 9 4 8 4 8 4 2 4 5
1 5 0
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D a t a m a t r ix :  C o lo n y  d ia m e t e r  m e a s u r e m e n ts  i n  t e n t h s  o f  m i l l i m e t r e s
test number
1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8
1 1 0 4 9 9 8 6 9 1 9 0 0 5 2 8 8 9 2 7 6 8 2 8 0 0 0
2 0 0 0 0 0 0 0 0 0 0 2 5 0 0 0
3 0 0 0 0 0 0 0 0 0 0 3 9 0 0 0
4 9 5 0 0 9 4 0 0 0 0 4 3 4 9 7 6 8 4 0 5 1
5 9 3 8 6 8 5 4 3 0 0 0 0 7 0 8 0 7 4 7 5 0 0
6 4 9 3 2 5 2 5 5 0 0 0 0 0 4 4 5 1 6 2 0 0
7 0 0 0 0 0 0 0 0 0 3 8 7 2 0 0 0
8 3 0 0 6 1 0 0 0 0 5 8 6 0 5 5 6 2 7 1 0 0
9 0 0 0 0 0 0 0 0 0 0 6 7 6 8 0 0
1 0 8 0 4 9 8 0 7 8 4 7 0 5 5 0 0 8 0 8 4 7 4 0 0
1 1 0 0 1 1 2 1 0 3 0 0 0 7 2 7 4 6 0 9 8 9 5 0 0
1 2 1 2 0 9 8 1 1 2 1 0 8 5 5 0 0 0 0 5 3 1 0 2 9 9 6 7 4 7
1 3 0 0 0 0 0 0 0 0 0 3 5 7 0 0 0
1 4 4 7 4 1 0 0 0 0 0 4 7 4 7 4 0 5 1 5 4 0 0
1 5 1 1 . 8 5 0 9 0 0 0 0 0 6 5 6 4 6 1 8 6 9 3 0 0
1 6 1 1 3 0 1 0 1 1 0 3 0 0 0 0 0 6 5 1 0 4 9 8 0 0
1 7 0 0 0 0 0 0 0 0 0 0 3 6 2 3 0 0
1 8 0 0 5 5 6 7 0 0 0 5 3 8 1 0 5 6 4 5 0 0
1 9 1 5 0 0 0 0 0 0 0 0 0 5 3 5 1 0 0
2 0 5 2 0 0 0 0 0 0 0 0 0 5 6 6 0 0 0
2 1 1 2 2 0 0 0 0 0 0 9 0 9 4 9 1 9 8 0 0 0
2 2 0 0 0 5 8 0 0 0 0 0 4 4 4 5 0 0 0
2 3 1 0 5 7 5 4 3 1 0 0 0 0 0 6 5 7 4 6 2 0 0
2 4 8 9 6 5 7 7 8 8 7 0 0 4 9 8 5 8 4 9 3 8 3 7 9 0 0
2 5 6 9 7 2 0 8 4 7 5 0 6 7 0 0 6 5 8 5 5 3 0 0
2 6 1 0 1 0 0 0 0 0 0 0 9 0 7 3 7 3 8 8 0 0
2 7 0 0 2 6 3 2 0 0 0 7 0 4 7 5 1 1 0 8 8 1 0 0
2 8 0 0 0 1 3 0 0 0 0 0 0 3 0 0 0 0
2 9 0 0 0 0 0 0 0 0 7 1 5 3 7 4 5 1 0 0
3 0 8 8 0 0 4 2 0 0 0 0 6 8 4 9 7 2 5 9 0 0
3 1 6 7 7 1 2 2 4 3 0 0 0 0 0 1 4 6 3 6 8 0 0
3 2 1 0 3 0 7 9 4 3 0 0 Q 0 6 1 1 0 4 8 8 0 0 0
3 3 9 3 0 1 5 3 3 0 0 0 6 3 5 6 6 7 8 6 8 3 2 3 1 5
3 4 9 2 0 9 2 0 0 0 5 7 0 0 5 1 9 1 9 0 6 9 5 4
3 5 6 8 0 0 0 0 0 0 0 0 0 3 0 1 7 0 0
3 6 7 1 0 0 0 0 0 0 0 9 4 9 6 9 0 0 0
3 7 0 0 0 0 0 0 0 0 0 6 1 9 9 5 9 0 0
3 8 9 4 0 9 2 1 2 1 0 0 0 0 0 5 0 9 1 0 0 0
3 9 0 0 0 0 0 0 0 0 5 5 0 0 0 0 0
4 0 2 4 0 0 0 0 0 0 0 0 4 3 6 3 6 4 0 1 3
4 1 0 1 9 5 4 0 0 0 0 4 9 5 5 5 9 5 5 5 3 7 4 3
4 2 5 8 0 0 1 7 0 0 0 0 6 1 3 1 8 3 1 0 0 0
4 3 9 7 0 0 0 0 0 0 8 9 1 2 4 5 8 9 0 8 1 0 0
4 4 0 0 0 0 0 0 0 4 9 5 4 7 3 9 3 8 2 0 0
4 5 8 3 0 0 0 0 0 0 8 2 4 5 6 8 8 5 8 3 0 0
1 5 1
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mb
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D a t a m a t r ix :  C o lo n y  d ia m e t e r  m e a s u r e m e n ts  i n  t e n t h s  o f  m i l l i m e t r e s
test number
1 5 1 6 1 7 1 8 1 9 2 0
4 6 9 3 0 0 3 9 0 0
4 7 7 1 0 0 0 0 0
4 8 5 0 0 0 2 4 0 0
4 9 8 8 0 8 0 8 6 0 0
5 0 0 0 0 5 2 0 0
5 1 1 0 8 0 1 8 8 6 2 0 0
5 2 1 0 1 1 0 0 1 8 7 5 0 0 0
5 3 0 0 0 0 0 0
5 4 1 0 7 7 1 1 2 6 0 9 8 0
5 5 9 0 1 0 2 1 7 9 0 0 0
5 6 4 9 4 3 0 7 4 0 0
5 7 8 1 5 4 0 1 0 5 5 0
5 8 7 7 1 1 5 1 5 5 6 3 0 0
5 9 0 0 0 5 8 0 0
6 0 0 0 0 0 0 0
6 1 5 3 4 5 4 0 0 0 0
6 2 0 0 0 5 4 0 0
6 3 0 0 0 6 0 0 0
6 4 5 3 4 8 0 2 2 0 0
6  5 4 6 4 8 0 4 2 0 0
6 6 5 0 4 8 3 4 3 9 3 8 0
6 7 9 9 9 2 1 3 5 0 1 2 9 0
6 8 0 0 0 5 1 0 0
6 9 4 5 4 6 4 4 6 9 4 5 0
7 0 0 0 0 5 5 0 0
7 1 4 5 0 0 4 9 0 0
7 2 8 7 5 8 7 3 0 1 2 8 0
7 3 4 6 4 3 4 5 0 4 4 0
7 4 4 9 4 2 5 5 4 6 0 0
7 5 1 1 6 1 3 2 1 3 3 1 2 2 1 1 0 9 6
7 6 1 3 4 1 3 9 1 4 1 1 4 0 1 3 5 1 0 8
7 7 1 9 7 2 0 4 0 2 0 0 1 8 0 1 6 9
7 8 1 2 2 1 1 5 0 1 1 8 1 2 0 1 1  1
7 9 1 0 7 0 0 1 1 6 0 0
8 0 1 4 0 1 3 7 1 5 3 1 4 0 1 3 7 1 4 0
8 1 1 2 7 1 2 3 1 2 0 1 2 2 1 1 9 1 1 4
8 2 1 3 1 1 3 4 1 2 8 1 3 7 1 2 6 1 3 7
8 3 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0
8 4 1 1 8 1 2 9 0 1 1 7 9 8 0
8 5 1 4 2 1 4 5 1 5 1 1 3 2 1 3 8 1 3 3
8 6 1 8 0 1 7 2 1 6 5 2 0 1 1 4 3 1 0 4
8 7 2 0 0 2 0 0 0 0 2 0 0 0
8 8 2 0 0 2 0 0 2 0 7 2 0 0 2 0 0 2 0 0
8 9 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0
9 0 9 1 9 5 4 1 6 5 8 3 0
9 1 1 0 1 1 0 4 4 1 8 8 9 0
152
1 0 0
2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8
0 0 0 5 1 8 0 8 2 0 0
0 0 8 7 2 7 1 1 1 5 6 0 0
0 0 4 4 0 5 2 0 0 0
5 1 4 1 7 4 5 6 9 4 8 8 1 0 2
0 0 1 5 2 3 4 0 0 0 0
6 5 0 1 4 4 7 2 9 3 1 0 2 0 0
6 2 0 2 0 0 6 8 1 1 4 8 9 0 0
0 0 1 2 6 0 0 0 0 0
5 8 0 0 1 2 2 7 4 4 6 0 0
6 0 0 1 3 7 6 7 6 7 1 0 5 0 0
0 0 1 2 7 0 8 8 0 0 0
7 1 5 3 1 1 9 4 5 6 7 6 4 6 1 6 6
0 0 2 0 0 2 4 6 2 1 0 3 0 0
0 0 0 0 0 0 0 0
0 0 0 1 4 7 4 4 0 0 0
4 7 4 4 1 7 7 3 4 4 4 4 8 5 7 4 1
0 0 0 0 0 0 0 0
0 0 6 3 3 7 0 0 0 0
0 0 0 3 0 7 1 4 0 0 0
0 0 2 0 0 3 8 0 4 2 0 0
6 4 0 2 0 0 4 1 7 0 5 7 5 0 5 5
6 9 0 0 1 2 3 6 3 4 5 0 0
0 5 5 7 9 3 0 7 7 0 0 0
4 2 4 1 0 3 6 5 8 5 6 5 1 5 4
0 0 0 4 2 0 0 0 0
0 0 0 0 0 0 0 0
5 5 8 8 8 4 6 5 8 9 5 6 4 9 0
5 0 4 0 0 4 1 4 6 4 6 4 4 4 7
0 0 0 0 7 3 5 6 0 0
1 4 4 1 5 2 1 5 2 1 6 1 1 5 3 1 7 3 0 1 1 0
1 3 3 1 4 4 1 4 4 1 3 1 1 2 6 0 0 0
1 6 2 2 0 0 2 0 0 1 6 9 1 5 4 0 0 0
1 1 3 1 2 6 1 2 6 1 1 1 0 0 0 0
0 0 0 1 3 1 1 1 7 0 0 0
1 2 6 1 3 7 1 3 7 1 6 9 1 3 9 1 4 6 1 2 0 1 3 6
1 0 8 1 2 7 1 2 * 7 1 1 9 1 1 6 1 2 4 0 2 9
1 1 4 1 1 9 1 1 9 1 2 6 1 2 8 1 2 6 0 0
1 5 8 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 . 2 0 0
1 2 0 0 0 8 5 0 0 0 0
1 3 2 1 4 7 1 4 7 1 3 0 1 3 0 1 4 5 0 0
1 0 4 1 7 7 1 7 7 1 2 5 1 1 8 1 2 8 0 0
1 6 0 0 0 0 2 0 0 0 0 0
2 0 0 2 0 0 2 0 0 2 0 0 1 6 8 1 6 0 0 0
2 0 2 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0
7 0 7 9 7 9 9 3 8 1 5 9 0 0
7 0 8 4 8 : 4 1 0 2 9 0 5 1 0 0
or
ga
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sm
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D a t a m a t r ix :  C o lo n y  d ia m e t e r  m e a s u r e m e n ts  i n  t e n t h s  o f  m i l l i m e t r e s
test number
2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3
1 0 9 7 0 0 0 0 6 5 8 8 9 8 8 8 8 6 1 1 6 1 0 8 8 9 9 0
2 0 0 0 0 0 0 0 0 0 0 2 5 0 0 2 9 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 0 4 4 0 0 0 0 0 5 8 5 3 0 4 2 4 1 4 9 0 5 0
5 0 5 1 0 0 0 0 0 7 7 0 0 0 2 8 0 6 9 7 3
6 0 0 0 0 0 0 0 5 7 0 0 0 0 0 0 4 8
7 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0
8 0 6 1 0 0 0 0 0 7 0 5 9 7 5 5 9 4 0 6 1 7 1 6 5
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 4 4 0 0 0 0 0 8 7 6 1 0 0 4 2 0 3 3 6  1
1 1 0 6 3 0 0 0 0 0 7 5 7 3 7 6 8 5 5 6 6 7 8 5 9 5
1 2 0 0 0 0 0 0 0 7 7 0 0 0 0 0 0 8 2
1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 4 0 4 6 0 0 0 0 0 4 9 4 7 4 7 4 9 4 7 5 3 5 6 5 4
1 5 0 8 3 0 0 0 0 6 9 6 5 6 8 7 0 6 9 5 0 7 8 7 7 7 2
1 6 0 0 0 0 0 0 0 8 4 0 0 0 0 0 0 0
1 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 8 0 0 0 0 0 0 0 0 0 7 3 0 4 3 0 6 3 8 4
1 9 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0
2 0 0 5 0 0 0 0 0 0 5 2 0 0 0 0 5 0 0 4 1
2 1 0 8 7 0 0 0 0 0 9 1 9 5 9 6 7 0 5 1 0 1 0 0 9 3
2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 3 0 6 3 0 0 0 0 0 7 6 0 0 0 0 6 7 7 6 8 4
2 4 0 7 8 0 0 0 0 0 8 6 8 5 8 4 7 6 5 6 7 6 8 8 3 9
2 5 0 5 3 0 0 0 0 7 9 7 8 5 5 5 4 5 0 5 2 6 2 5 6 5 1
2 6 0 7 4 0 0 0 0 4 0 7 8 4 3 7 6 7 7 6 9 7 6 8 3 3 6
2 7 0 8 4 0 0 0 7 0 4 8 7 4 0 1 0 0 1 1 6 6 0 1 2 6 1 2 6 9 5
2 8 0 0 0 0 0 0 4 4 7 4 0 0 0 0 0 6 6 0
2 9 0 0 0 0 0 0 0 5 8 0 0 0 1 0 0 0 6 1
3 0 0 4 0 0 0 0 0 7 3 0 0 0 5 0 7 2 6 6
3 1 0 2 4 0 0 0 0 0 4 9 0 1 5 6 6 1 3 5 7 4 4 7 5
3 2 0 0 0 0 0 0 0 9 6 0 0 0 9 1 0 8 8 0
3 3 0 7 7 0 0 0 0 5 8 7 4 7 7 7 8 6 6 5 2 8 6 8 1 8 3
3 4 0 7 8 0 0 0 0 0 7 4 6 9 7 1 7 0 5 1 6 7 7 6 9 0
3 5 0 0 0 0 0 0 0 0 0 0 2 0 0 5 4 0 8
3 6 0 0 0 0 0 0 0 6  1 0 0 0 0 1 6 3 5 3
3 7 0 8 9 0 0 0 0 6 1 8 8 9 3 9 9 9 0 4 9 8 4 9 5 1 0 6
3 8 0 0 0 0 0 0 0 7 9 6 1 0 0 0 0 0 6 3
3 9 0 0 0 0 0 0 0 2 6 0 0 0 0 0 0 0
4 0 0 5 4 0 0 0 0 0 0 0 5 0 5 4 5 4 6 5 5 4 5 7
4 1 0 4 9 0 0 0 0 5 4 4 6 4 5 5 2 5 3 4 7 5 2 5 7 5 1
4 2 0 0 0 0 0 0 0 5 5 0 0 5 5 1 0 5 4 3 2 6 2
4 3 0 8 1 0 0 0 0  . 6 3 9 4 9 0 8 2 8 7 5 2 7 0 8 1 9 2
4 4 0 7 1 0 0 0 0 6 5 9 2 5 6 9 0 8 2 5 9 7 3 9 0 8 6
4 5 0 7 9 0 0 0 0 6 9 9 8 8 6 9 0 8 3 5 0 8 4 9 4 8 9
1 5 3
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D a t a m a t r ix :  C o lo n y  d ia m e t e r  m e a s u r e m e n ts  i n  t e n t h s  o f  m i l l i m e t r e s
test number
2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3
4 6 0 5 8 0 0 0 0 0 7 9 0 0 6 5 7 6 1 7 2 8 1
4 7 0 7 3 0 0 0 0 6 1 8 5 3 6 4 5 6 1 2 7 8 6 8 0 1 1 9
4 8 0 0 0 0 0 0 0 3 9 2 3 0 2 4 0 0 3 5 2 8
4 9 0 1 0 3 0 0 0 0 6 2 7 5 7 2 7 8 8 2 5 3 8 7 8 3 9 1
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 6
5 1 7 7 0 0 0 0 0 3 9 7 3 0 0 0 0 1 1 2 5 3 0
5 2 8 2 0 0 0 0 0 5 0 9 1 0 0 0 0 1 7 9 6 0 0
5 3 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 4 0 0 0 0 0 0 8 9 1 1 9 0 0 0 0 0 0 1 4 0
5 5 0 0 0 0 0 0 0 1 2 2 0 0 0 0 0 0 1 6 1
5 6 0 0 0 0 0 0 0 4 8 0 0 0 0 0 5 3 0
5 7 0 2 0 0 0 0 0 0 5 3 5 7 6 1 6 0 7 9 6 2 8 3 5 6 1 1 6
5 8 0 7 9 0 0 0 0 0 1 1 6 0 0 0 0 0 0 1 5 4
5 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 6 1 0 0 0 0 0 0 4 3 0
6  1 0 5 5 3 4 0 0 0 0 4 9 4 5 4 9 6 9 1 5 6 5 4 6 6 8
6 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 3 0 0 0 0 0 0 5 5 0 0 0 0 0 0 2 7 0
6 4 0 0 0 0 0 0 0 6 9 0 0 0 0 0 0 0
6 5 0 0 0 0 0 0 0 4 1 0 0 0 0 0 0 4 0
6 6 0 8 9 0 0 0 0 0 5 6 7 1 0 5 6 1 5 6 0 0 1 2 0
6 7 0 1 2 9 1 0 0 0 0 0 1 2 8 1 4 7 0 0 0 0 0 0 1 2 9
6 8 0 0 0 0 0 0 5 0 6 7 0 5 1 0 5 5 8 1 6 4 9 9
6 9 0 5 6 4 4 0 0 0 4 8 4 7 4 3 4 9 4 9 4 3 5 8 4 6 9 1
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0
7 1 0 0 0 0 0 0 0 8 8 0 0 4 9 0 6 9 4 3 9 0
7 2 0 9 8 0 0 0 0 5 2 8 7 9 2 1 0 6 1 0 4 6 9 6 6 7 6 1 2 2
7 3 0 4 4 0 0 0 0 4 5 4 4 4 1 4 3 4 5 4 4 4 6 4 1 5 5
7 4 0 0 0 0 0 0 0 6 1 0 0 0 0 0 0 4 0
7 5 0 1 3 5 1 5 6 1 5 3 9 7 0 1 4 6 1 5 7 1 5 4 1 7 8 1 3 3 1 4 8 1 1 2 1 5 1 2 0 0
7 6 0 1 3 9 1 3 7 1 2 1 1 1 6 0 1 4 0 1 5 3 1 4 3 1 6 9 1 4 0 1 4 8 1 1 8 1 3 9 1 3 5
7 7 0 2 0 0 1 7 8 0 0 0 2 0 0 2 0 0 2 0 0 2 0 0 1 6 2 2 0 0 1 6 0 2 0 0 2 0 0
7 8 0 1 0 8 1 4 4 1 4 4 0 0 1 1 8 1 2 5 1 2 6 1 4 9 0 1 4 1 1 2 0 1 2 9 1 1 2
7 9 0 2 0 0 0 0 0 0 0 0 0 0 8 8 0 9 5 0 0
8 0 0 1 2 2 1 4 8 1 5 3 1 4 4 0 1 3 9 1 5 3 1 4 3 1 5 9 1 2 4 1 3 7 1 1 4 1 4 5 1 3 5
8 1 0 1 1 8 1 2 9 1 3 7 1 2 7 0 1 3 7 1 2 3 1 2 4 1 2 9 9 8 1 2 2 1 0 5 1 3 2 1 2 0
8 2 0 1 0 7 1 3 2 1 2 7 1 1 7 0 1 0 9 1 1 3 1 1 1 1 1 1 1 2 9 1 1 4 1 1 3 1 1 6 1 1 5
8 3 0 2 0 0 1 7 2 1 4 1 5 1 3 3 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0
8 4 0 0 0 0 0 0 1 2 0 1 5 1 0 0 0 9 3 0 1 2 4 0
8 5 0 1 2 6 1 4 2 1 3 1 1 2 9 0 1 3 5 1 4 5 1 4 1 1 4 8 1 3 8 1 3 5 1 2 4 1 4 7 1 3 3
8 6 0 1 9 8 1 4 4 1 0 6 0 0 9 8 1 2 3 1 1 5 1 2 7 1 1 4 1 3 7 1 4 7 1 3 5 2 0 0
8 7 0 0 0 1 0 2 0 0 2 0 0 1 6 4 2 0 0 2 0 0 1 8 7 2 0 0 0 0 1 6 1
8 8 6 0 2 0 0 2 0 0 0 0 1 0 2 2 0 0 2 0 0 2 0 0 2 0 0 1 6 6 2 0 0 2 0 0 2 0 0 2 0 0
8 9 0 2 0 0 2 0 0 2 0 0 1 6 8 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0
9 0 5 5 4 9 7 1 0 0 0 8 8 8 2 8 1 7 9 9 0 9 2 8 7 8 5 4 3
9 1 0 7 5 7 4 0 0 0 8 2 9 2 8 7 8 4 9 8 7 6 9 1 8 9 0
1 5 4
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S e n s i t i v i t y  o f  S o i l  I s o l a t e s  t o  A n t i b i o t i c s
Table A 5.1 Chloramphenicol
Cone. Percentage Sensitivity
ug/ml Actinomycetes Eubacteria Antibiotic/ Producers
100 100 100 100
10 67 96 74
1 17 84 21
0.1 17 38 21
0.01 17 35 21
0.001 17 35 21
Table A5 .2 Erythromycin
Cone. Percentage Sensitivity
jag/ml Actinomycetes Eubacteria Antibiotic
Producers
1000 100 81 100
100 92 77 90
10 45 58 37
1 35 23 32
0.1 23 23 26
0.01 23 23 26
Table A5 .3 Neomycin
Cone. Percentage Sensitivity
ug/ml Actinomycetes Eubacteria Antibioticw Producers
1000 100 100 100
100 98 100 100
10 65 54 68
1 18 15 26
0.1 14 15 21
0.01 14 4 21
Non-
Producers
100
60
13
13
13
13
Non-
Producers
100
93
53
37
20
20
Non-
Producers
100
97
63
13
7
7
1 5 5
T a b le  A 5 . 4  N o v o b i o c i n
Cone. Percentage Sensitivity
jig/ml Actinomycetes Eubacteria Antibiotic
Producers
Non-
Producers
100 100 100 100 100
10 100 77 100 100
1 96 77 100 93
0.1 41 61 53 30
0.01 17 58 21 13
0.001 13 58 16 10
Table A5.5 Penicillin G
Cone. Percentage Sensitivity
pg/ml Actinomycetes Eubacteria Antibiotic
Producers
1000 100 96 100
100 82 65 89
10 55 61 74
1 18 58 26
0.1 13 38 16
0.01 
Table A5.
13
6 Polymyxin B
35 16
Cone. Percentage Sensitivity
jug/ml Actinomycetes Eubacteria Antibiotic
Producers
1000 94 100 95
100 70 85 79
10 43 46 53
1 26 46 32
0.1 21 23 26
0.01 15 15 21
Non-
Producers
100
76
43
10
10
10
Non-
Producers
93
60
33
20
17
10
- 1 5 6
►
Table A5 .7 Rifampicin
Cone. Percentage Sensitivity
pg/ml Actinomycetes Eubacteria Antibiotic
Producers
100 100 100 100
10 96 96 95
1 56 81 48
0.1 43 46 42
0.01 22 34 21
0.001 20 31 21
Table A5 .8 Streptomycin
Cone. Percentage Sensitivity
pg/ml Actinomycetes Eubacteria Antibiotic
Producers
1000 100 92 100
100 100 92 100
10 79 81 79
1 34 31 31
0.1 17 27 21
0.01 15 23 21
Table A 5.9 Tetracycline
Cone. Percentage Sensitivity
pg/ml Actinomycetes Eubacteria Antibiotic
Producers
100 100 96 100
10 90 96 95
1 55 96 67
0.1 33 81 46
0.01 14 50 21
0.001 14 38 21
Non-
Producers
100
97
63
43
23
20
Non-
Producers
100
100
80
37
13
10
Non-
Producers
100
86
43
20
7
7
1 5 7
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Figures A6.1-A6.2 Variation in the recovery of actinomycetes and 
eubacteria from various different soil types on the new media.
Figure A6.1 Agricultural Soil (pH 6.9)
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Figures A6.3-A6.4 Variation in the recovery of actinomycetes and 
eubacteria from various different soil types on the new media.
Figure A6.3 Chestnut Forest Soil (pH 4.1)
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Figure A6.4 Pine Forest Soil (pH 3.6)
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L i s t  o f  A b b r e v i a t i o n s
AG
C+N
CUM
ISG
HA
M3
M3ASPG
M3PROL
MBL
MIC
MYA
MYB
NA
NB
NUM
PDA
SC
TCC
TSS
UPGMA
aminoglycoside
carbon and nitrogen utilisation test basal medium 
carbon utilisation test basal medium 
inorganic salts glucose medium 
humic acid medium 
M3 medium
M3 asparagine medium 
M3 proline medium
Microbial Biotechnology Laboratory Culture Collection
minimum inhibitory concentration
malt-yeast agar
malt-yeast broth
nutrient agar
nutrient broth
nitrogen utilisation test basal medium 
potato dextrose agar 
starch-casein medium 
triphenyl tetrazoleum chloride 
trace salt solution
unweighted pair-group method with averages
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